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Buprofezin [2-[( 1 ,  1 -d imethylethyl ) im ino]tetrahydro-3-( 1 -methylethyl )-5-phenyl-4H-
1 ,3,5-thiadiazin-4-one] is a th iadiazine insect regu lator and molt ing inh ib itor that 
has a pers istent larvicidal action against some Coleoptera and Hemiptera and 
effectively controls harmfu l i nsect pests incl ud ing the brown rice planthopper 
Ni/aparvata /ugens and the greenhouse wh itefly Tria/eurodes vaporaiorum. 
However, amitraz ( I U PAC name: N-methylbis(2,4-xylyl im inomethyl) amine 
belongs to the fami ly of the t riazapentad ienes. I t  is a non-systemic acaricide and 
insecticide wh ich has contact and respi ratory action .  Amitraz is active against a 
wide range of larvae and phytophagous insects . I ts propert ies have long been 
known.  Addit ional ly,  amitraz is often used against varroasis d isease, caused by 
the m ite Varroa Jacobsoni and affects Apis Mel/itera. Amitraz shows a h igh 
activity against V.jacobsoni, and low toxicity for bees. 
In this thesis, the adsorptive voltammetric behavior  of buprofezin and amitraz on 
hanging mercury d rop electrode ( H M D E) was i nvestigated . The thesis also deals 
with the development of a cathodic stripp ing voltammetric assay for the 
determination of these pesticides and its appl ication to determination of the 
investigated compounds in soil and water .  Furthermore, the effect of heat on the 
stabi l i ty/degradation of amitraz as wel l  as the e lectrochemical degradation of 
buprofezin were investigated . 
I n  what fol lows, a brief description of the d ifferent chapters reported in  th is thesis 
is g iven :  
I 
1 .  I n  chapter I ,  a general l iteratu re survey on the previous quantitative 
determination studies on pesticides as wel l  as the degradation studies of 
pesticides is reviewed. 
2.  I n  chapter I I ,  the experimental part involves the preparation of  the various 
solution . It also includes description of the instrumentation used in the present 
measurements wh ich cover the d iverse electrochem ical tools :  
(a)  Cycl ic voltammetry (CV) . 
(b) Cathodic adsorptive stripping voltammetry (CASV) .  
(c) UV-Vis and I nfra red spectroscopy. 
(d) E lectrochemical degradation .  
3.  I n  chapter I I I , the su rface activity and redox behavior of  buprofezin at 
HMDE, were studied by cycl ic voltammetry (CV) in  d ifferent buffer solut ions. The 
shape and height of CV peaks depend on various parameters such as, pH ,  
adsorption t ime ,  and scan rate . The CV behavior  o f  buprofezin shows a single 
i rrevers ib le cathodic peak over the whole pH range (3.0- 1 2.0) .  The cathodic peak 
is due to the reduction of the exocyclic >C=N- g roup' of the adsorbed buprofezin 
species . No oxidat ion peak is observed in  the anodic d i rection, which is ind icative 
of the i rrevers ib i l ity of the buprofezin reduct ion.  This phenomenon can be 
exploited for the electroanalytical determination of buprofezin with the aid of 
adsorption accum u lation in stripping voltammetry .  I n  the present work cathodic 
adsorptive stripp ing voltammetric techn ique is applied for the determination of 
buprofezin  i n  model samples as wel l  as in  soi l  and water .  
I I  
Buprofezin was t reated electrochemical ly us ing platinum as the working 
electrode that was subjected to an intense prolonged i l l umination through a UV­
lamp. I n  the later case, the degradation in  the aqueous med ium was mon itored 
using UV-Vis spectrometry. 
This part was publ ished in Ana lyt ica Chemica Acta 432 (2001 ), 2 1 -26 under 
the title: "Voltammetric determination of the insecticide buprofez in  in soi l  
and water". 
4. I n  chapter IV ,  the cycl ic voltmmetric behavior of amitraz was studied in 
solut ions with d ifferent pH values . In acid ic and a lkal ine solut ions the CV exhibit 
one i rrevers ib le cathodic peak. Accord ing to the molecu lar structu re of amitraz 
th is peak corresponds to the cathodic reduction of the azometh ine group 
(-CH=N-) of  adsorbed amitraz species v ia the wel l  known 2e-/2H+ reduction 
mechanism of the azometh ine compounds. However, in neutral and s l ightly 
alka l ine solut ions (7. 1 :5  pH � 9. 1 )  the CV are characterized by two consecut ive 
cathodic peaks. The appearance of the second reduct ion peak, close to the 
hydrogen d ischarge potent ial ,  can be assigned to the reduction of the carbonyl 
compound ,  wh ich formed as a resu lt of amitraz hyd rolys is .  The adsorption of 
amitraz on the H M O E  can, consequently, be used as an effective 
preconcentration step before quantitat ive measu rements are undertaken .  Owing 
to its better analytical characteristics, the voltammetric technique used in  the 
stripping step was the d ifferential pu lse str ipping voltammetry (OPSV).  The 
method was appl ied to the determination of amitraz in sp iked soil and water. The 
candidate also studied the effect of heat on the stabi l ity/degradation of amitraz. I n  
I I I  
this case, amitraz is injected to soi l  sample, subjected to control heating and the 
stabi l ity/degradation was mon itored using I R-spectrophotometry and cathodic 
stripping fol lowed by d ifferential pulse voltammetry. 
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Figure.4. 1 0. Effect o f  Pb( l l )  concentration of D PSV peak of amitraz. ( 1 ) 9 .9x 1 0·6 
M amitraz; (2) [ 1 ] + 9 .9x 1 0·5 M Pb( I I ) .  pH 1 0 . Other condit ions as in 
Figu reA.2 .  
Figure.4. 1 1 .  Effect of  Cd( l l )  concentration of  D PSV peak of amitraz . ( 1 ) 9 .9x 1 0·6 
M amitraz; (2) [ 1 ] + 9 .9x 1 0·5 M Cd( I I ) .  p H 1 0 .  Other  condit ions as in  
FigureA.2 .  
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Figure.4. 1 2. Effect of Co( l l ) concentration of DPSV peak of amitraz. ( 1 )  9 .9x1 0·6 
M amitraz; (2) [ 1 ]  + 9 .9x 1 0.5 M Co( I I ) .  p H 1 0 .  Other  condit ions as in 
F igureA.2 .  
Figure.4. 1 3. Effect of  Zn( l l )  concentration of  DPSV peak of  amitraz. ( 1 )  9 .9x1 0·6 
M amitraz; (2) [ 1 ] + 9 . 9x 1 0·6 M Zn( l I )  and (3) [2] + 9 . 9x 1 0·6 M 
amitraz. p H 1  O. Other condit ions as in Figu reA.2. 
Figure.4. 1 4. Effect of Cu ( l l ) concentrat ion of DPSV peak of amitraz. ( 1 )  1 .96x 1 0· 
5 M amitraz and (2) [ 1 ] + 1 .96x 1 0·4 M Cu ( I I ) .  pH  1 0. Other 
cond it ions as in F igureA.2 .  
Figure.4. 1 5 . D PS voltammograms for ( 1 )  amitraz conta ined in  spiked soi l  
sample and (3-4 h r) after a successive standard addit ions. pH 1 0, 
spiked t ime 207 min in  the su n .  Other condit ions as in  Figu reA.2 .  
Figure.4. 1 6. D PS voltammograms for ( 1 ) amitraz contained in  sp iked soi l  
sample and (2-4 h r) after a successive standard addit ions .  pH 1 0, 
spiked t ime 1 29 min in  the sun .  Other condit ions as in Figu reA.2 .  
Figure.4. 1 7 . D PS voltammograms for  ( 1 )  amitraz contained in spiked soi l  
sample and (4-Sh r) after a successive standard addit ions. pH 1 0, 
sp iked t ime 240 min in the laborato ry .  Other  conditions as in  
Figu reA.2 .  
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Figure.4. 1 8.a .  The D PSV of the extracted amitraz from soi l  after exposure to 30 
ac: 1 hour (cu rve f) ; 5 hours (curve e) ;  1 2  hour (cu rve d ) ;  24 hou r 
(cu rve c) ; and one week (cu rve b) respectively. cu rve a is the 
b lank.  
Figure.4. 1 8 .b. The D PSV of the extracted amitraz f rom soi l  after exposure to 50 
ac: 1 hour (cu rve f) ; 5 hours (curve e) ; 1 2  hour (cu rve d ) ;  24 hour 
(cu rve c) ;  and one week (cu rve b) respectively. 
Figure.4. 1 9  I R  spectru m of amitraz (a) and extracted amitraz (b) f rom soi l  after 5 
hours of exposu re to heating at 50 ac. 
Table 1 Determination of buprofezin in  soi l ,  tap water ,  and treatment 
wastewater by the standard addition method 
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Chapter I 
Introduction 
1 . 1 .  Pre-concentration and pesticides analysis.  
Classical DC-polarography and fast scan d ifferential pu lse voltammetry 
( FS D PV) were appl ied to study the reduction mechan ism of five 
n itropesticides (trif l u ral in ,  benf lural i n ,  b romofeneox im,  f luorog lycofen-ethyl) 
at a d ropping mercury electrode (DME)  and at a stat ic mercu ry d rop 
e lectrode (SMDE)  in a medium of 47-49% (v/v) alcohol or 1 0-20% (v/v) 
d imethylformamide. ( Kotoucek, M .  & Opravi lova, M. ,  1 996) The nitro 
g roups were reduced to hyd roxylamine derivatives or  further to the 
corresponding amines depend ing on the type of compound and of solut ion 
acidity . The determination of n i tropest icides was performed using FS DPV 
and adsorptive stripping voltammetry (AdSV) in  model sample. The 
relative standard deviat ions were smal ler than 4 .5% for concentrations 
h igher than 2ng/ml .  The detection l im its were found both experimental ly 
and calcu lated from regression analyses. Accord ing to the experimental 
condit ions their  values were in the range 1 7- 1 60 mg/ml or  0 . 1 -2 .8 mg/ml 
for FSD PV or AdSV, respectively.  The ni tropesticides in  a rtif icial ly 
contaminated soils were determined after two to th ree times extraction 
with acetone.  The recovery was about 96%. 
A simple, sensitive and rapid d ifferential pulse polarographic method has 
been developed (Sreedhar, N.Y., et al 1 997) for the quantitative 
determinat ion of organophosphorus pesticides such as dicrotophos, 
crotoxyphos and chlorfenvinphos in  agricu l tural formu lations in  un iversal 
buffers of a pH range 2 .0- 1 2 .0 .  The sample is treated with ethanol to 
faci l itate the d issolut ion of these pestic ides. Both standard addit ion and 
cal ib ration methods can be used for the analyses. The lower detect ion 
l im its are 1 .25x 1 0.9 , 1 . 05x 1 0·9 and 1 .0x1 0'9 M ,  respectively. The method 
can be appl ied successfu l ly to determination of these pesticides in grains 
and soi l .  
A gas chromatographic method using a cap i l lary column is described for 
the determination of total amitraz residue in honey sample.  (Taccheo, M. 
B., et at; 1 988) The method consists of a pre l im inary extraction of the 
sample , an a lka l ine hyd rolysis ,  an extraction of the 2 ,4-dimethylan i l ine 
formed , without the aid of steam d ist i l lation/continuous extraction ,  its 
derivatisation with heptaf luorobutyric anhydride and a gas 
chromatographic determi nation us ing an electron capture detector. The 
method is very rapid and can be carried out in a test tube.  The detect ion 
l imi t  is 0 .020 mg kg·1 and recoveries are of the order of 85%. 
Degradation processes of amitraz in  aqueous media have been studied 
(Corta, E., et al. , 1 999) by spectrophotometry ,  H P LC and GC-MS.  Amitraz 
undergoes hyd rolys is reactions at any p H ,  but towards the acid ic pH range 
hydrolysis proceeds at a faster rate. Depending of the pH value ,  d ifferent 
p roducts of the hydrolysis have been identif ied . The main degradation 
p roducts are 2 ,4-d imithylan i l i ne at very acidic values (pH<3) , N- (2,4-
d imethylphenyl)-Nt -methylformamidine and 2 ,4-dimethylphenylformamide 
at less acidic media (pH 3-6) and 2,4-dimethylphenylformamide at basic 
p H .  The mechanisms of d ifferent hyd rolysis processes have been 
el ucidated.  
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Sensit ive methods for the determination of the herbicides methoprotryne 
and terbutryn at nanomolar levels ,  by adsorptive stripp ing voltammetry at a 
hanging mercu ry d rop electrode ,  are describe, (Pedrero, M. ,  et ai, 1 993) 
the elect rocapi l iary curve , and cyc l ic voltammograms,  demonstrate the 
adsorption of these compounds on the mercu ry e lectrode. A systematic 
study of the various experimental parameters that affect the stripping 
response was carried out by d ifferential pu lse voltammetry .  The working 
med ium chosen 0 . 1 mol r1 perch loric acid .  By us ing an accumu lation 
potential of -0.70 V and 1 80 s accumulation time, the l im its of detection 
were 5 .2x 1 0-1 O and 2 .4x1 0-9 mol r1 for terbutryn and methoprotryne, 
respective ly, and the re lative standard deviations (n  = 1 0) were 3 . 1  % and 
5 .0% at concentrat ion levels of 5 .0x 1  0-9 mol r1 terbutryn and 
1 .0x1 0-8 mol r1 methoprotryne,  respectively. The degree of interference 
from some other herbicides on the d ifferential pu lse stripp ing signal for 
methoprotryne and terbutryn was evaluated . Final ly ,  the methods were 
appl ied to the determination of terbut ryn and methoprotryne in  spiked 
i rr igation and tap water. 
A polarographic study (Ga ivez, R., et a/, 1 993) of the reduction of the 
herbicide s imazine in micel lar  solutions and oi l -water is reported .  The 
anionic su rfactant sod ium pentanesu lponate was chosen as the most 
su itable agent for micel lar solut ions and emuls ions.  I n  micel lar solut ions 
two reduction peaks were observed in  d ifferent ial-pu lse polarography 
(DPP)  below pH 2 .0 ,  whereas on ly one peak was observed above pH 2 .  
Ethyl acetate was chosen as the organic solvent to  form simazine 
emu ls ions. U n l i ke in  micel lar solut ions, DP polarograms of s imazine in  oi l -
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water emu lsions showed only one peak even at pH values lower than 2 .0  
suggesting that pesticide hydrolysis is h indered in  the emu ls if ied med ium.  
The l im it ing cu rrent is d iffusion-control led and the electrode process is  
i r revers ib le .  The d iffus ion coefficient of  s imazine in  emulsif ied medium was 
8 .85 x 1 0.6 cm2 S·1, and the an and Kio values were 0.82 and 8 .03x 1 0·1 4 
cm S·1 respectively. Using OPP,  s imazine can be determined over the 
concentration ranges 8 .0  x 1 0.7-4 .0 x 1 0.5 mol 1'1 . The l imit of detection was 
2 .2  x 1 0.7 mol 1'1. The effect of the presence of other herb icides belonging 
to the s-triaz ine fami ly on the s imazine reduction peak was studied.  The 
method was appl ied to the determination of s imazine in spiked i r regation 
water with good recoveries. 
A d isposable mu lt ichannel immunochemical sensor based of the 
electrochemical transducer is reported . (Skladal ,  P. & Kalab T. , 1 995) 
The basic sensor consists of the array of 8 working e lectrodes (gold) and 
one common reference electrode (si lver) p laced at a ceramic substrate . 
On top, a piece of p lastic p late with d ri l led holes is sealed to obtain 8 
m icrowel ls  with electrodes at their  bottoms, an electronic computer­
contro l led switch is constructed which enables to use the mu lt ichannel 
sensor together with a usual amperometric measurement system. To 
prepare an immu nochemical biosensor, c i rcu lar  pieces of n i t roce l lu lose 
membrane with adsorbed antibodies against the herbicide 2 ,4-
dich lorophenoxyacetic acid (2,4-0) are inserted into the microwel ls .  For 
the competitive immunochemical assay of 2 ,4-0 ,  the 2 ,4-0 molecule 
conjugated to horse radish peroxidase is used as a trace . The amou nt of 
bou nd tracer is determined amperometrical ly us ing hydrogen peroxide and 
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hydroquinone as substrates for peroxidase. The detection limit for free 2 ,4-
o in  water is 0 . 1 I-Ig/I ,  the tota l time of analysis being less than 1 h. The 
mu ltichannel sensor is potentia l ly suitable for analysis of several samples 
and standards using one biorecognition system ,  moreover, different 
biospecific layers may be used to determine several different analytes in 
the same sample using only one mu ltichannel sensor. 
A sensitive adsorptive stripping differentia l pu lse method was proposed for 
the determination of Prometrine in  soi l and water (Szczepaniak,  W., et al. ,  
1 995). The voltammetric response with respect to  a few electrolyte 
solution ,  the accumulation time and potentia l ,  and the concentration 
dependence. The relationship between ip and Prometrine concentration 
was linear in the range 1 x 1  0-8- 1 1 x 1  0-7 M Prometrine .  Cond itions for soil 
and water sample preparation were establ ished.  The relative standard 
deviation is 6 .5% for 5 determinations of Prometrine in water and 3 . 1 % for 
5 determinations of Prometrine in soi l .  
Mazzei ,  F. ,  et al. , 1 995, reported a new method for the simple and 
i nexpensive determination of atrazine. The method is based on the use of 
a nove l ,  part ia l ly disposable, p lant t issue bioelectrode ,  which is sensitive to 
a variety to mono- and polyphenol .  The biosensor is obtained by cou pling 
a th in s l ice of potato (Solanum tuberosum) t issue,  which contains high 
levels of  the enzyme polyphenoloxidase (PPO) ,  to a commercial O2-
selective Clark e lectrode. The concentration of atrazine in  aqueous sample 
can be determined thanks to its inh ibitory power toward the catalytic 
activity of PPO. The low cost of this device and its good analytical 
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performance suggest its appl ication in the f ield of environmental analysis ,  
especial ly in  the continuous monitoring of atrazine in  r isk areas. 
The retention of 30 commercial pesticides was determined on a porous 
g raphitized carbon column (PGC) using d ioxane and water mixtures as 
e luents (Forgacs, E. & Tibor C., 1 995). Linear correlat ions were 
calcu lated between the log k' values and the d ioxane concentration (C) in  
the el uent ,  the intercept ( log K'o) and s lope (b) values were regarded as 
the best estimations of the regarded as the best estimations of the 
retention capacity and the contact su rface area of the pesticides with the 
stationary phase. Both the s lope and intercept val ues showed h igh 
separat ion and quantitative determination of  depended both on the i r  
l ipophi l ic ity (RMO) and specific hydrophobic su rface area ( HAS) determined 
by reversed-phase th in- layer chromatography, ind icat ing that the 
l ipophi l ic ity parameters of solutes have a s ign ificant impact on their 
retention capacity on a PGC. The relatively low ratio of variance suggested 
that factors other than hyd rophobicity parameters may have a 
considerable i nf luence on the retention .  Principal component hyd roph i l icity 
parameters of the pesticides also inf luence their  retention behavior on a 
PGC. 
Hyd rolys is react ions of endosu lfan and endosu lfan su lphate in  the 
emu ls if ied med ium formed with ethyl acetate and a mixture of the two 
su rfactants Hyamine 2389 and Trit ion X-405 are studied (Reviejo, A. J. , et 
ai, 1 992) by d ifferential pu lse polarography. Besides the heptachlor­
endosu lfan su lphate pair ,  whose peak potentials are suff iciently d ifferent at 
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pH 8 .0  to al low their  s imu ltaneous determination ,  the organoch lorine 
pesticide b inary mixtu res endosu lfan-endosu lfan su lphate , d ie ldrin­
endosu lfan and d ie ldrin-endosu lfan su lphate can be determined based on 
their  hyd rolys is reactions in  basic medium and on their  d ifferent reaction 
rates . The endosu lfan-endosu lfan su lphate pair can be determined by 
al lowing the mixtu re to hydrolyse at pH 1 1 .0 and measu ring the 
endosu lfandiol  peak for the determination of endosu lfan .  The analysis of 
the mixture d ie ldrin-endisu lfan is based on endosu lfan hydrolysis at pH 
1 2 .0  in which d ie ldrin  is not hydrolysed.  D ie ldrin  and endosu lfan su lphate 
can also be dete rmined s imu l taneously in a 0 .5M sod ium hydroxide 
med ium.  When determin ing one pesticide in b inary mixtu res contain ing a 
5 .0x 1 0'6 M fan endosu lfan su lphate m ixtu re , 4 .0x 1 0·6 and 1 .0x1  0.6 M 
respectively; heptach lor-endosu lfan su lphate mixtu re ,  2 .0x1 0·6 M for 
endosu lfan su lphate; all other cases,  3 .0x 1  0.6 M . 
The Non-Occupational Pesticide Exposu re Study, (Whitmore, R. W., et 
ai, 1 994) fu nded by the U . S .  Envi ronmental P rotection Agency, was 
designed to assess total human exposu res to 32 pesticides and pesticide 
degradation products in the non-occu pational envi ronment;  however, the 
study focused primari ly on inhalation exposures.  Two sites-Jacksonvi l le .  
F lor ida (USA) and Spr ingfield/Ch icopee, Massachusetts ( USA) were 
stud ied dar ing th ree seasons:  Summer 1 986 (Jacksonvi l le  on ly) , Spring 
1 987, and Winter 1 988. Probabi l ity samples of 49 to 72 persons 
part ic ipated in ind ividual s ite/seasons. The pr imary envi ronmental 
monitor ing consisted of 24-hr  indoor, personal ,  and outdoor air samples 
analyzed by gas chromatography/mass spectrometry and gas 
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ch romatography/electron captu re detection . I ndoor and personal a ir  
concentrations tended to be h igher in  Jacksonvi l le  than in 
Springfie ld/Ch icopee . Concentrations tended to be h igher in  summer, 
lower in  spr ing, and lowest in winter. I ndoor and personal air  
concentrations were general ly comparable and were usual ly much higher 
than outdoor a i r  concentrat ions. I n halation exposu re exceeded d ietary 
exposu re for cyclodiene termiticides and for pesticides used mainly in the 
home. D ietary exposu res were g reater for many of the other pesticides. 
I nhalat ion r isks were unce rtain for termit icids (depend ing on rates of 
degradation) but were negl ig ib le for other pest icides. The data were 
insuff icient to support r isk assessments for food , derma contact, or  house 
dust exposu res.  
Chlorpyrifos detected in  the soi l  adjacent to the exterior and interior 
foundation wal ls  for al l houses ranged f rom 0 to 1 640 ppm and 0 to 1 684 
ppm, respectively, at 4 years (Wrighy, C. G. ,  et aI, 1 991 ) Chlorpyrifos; 
Du rsban ; (O,O-diethyl ) - (3 ,5 ,6-trich loro-2 pyridyl) phosphoroth ioate) is 
used by many pest control f irms for the control of termites in  bu i ld ings. 
Studies were in it iated in  1 984 to determine ch lorpyrifos levels in the 
ambient a i r  of k itchens and bed rooms of houses where the soi l  under and 
around the houses had been treated with th is i nsecticide for termite 
contro l .  Data through two years were reported by W right et al ( 1 988) and 
showed no ambient air level above the National Academy of Sciences 
( NAS) proposed g u ide l ine leve l of 1 0. 0  !-Ig/m3. 
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An overview of the sampling of polar pesticides from water samples is 
presented . (Barcelo, D. & Hennion,  M .  C. ,  1 997) The sampling p lans and 
strategies for different types of waters such as river ,  well and seawater 
samples are discussed . In situ preconcentration methods, involving on-l ine 
techniques or direct measurement methods are mentioned as alternatives 
to conventional techniques.  Attention is devoted to the inf luence of organic 
matter and its interaction with polar pesticides. The use of various types of 
filt ration steps prior to the preconcentration of the analytes from water 
samples is also reviewed . 
The electrochemical behavior of the fu ngicides folfet, phosmet, and dialifos 
was studied (Sreedhar, N. Y., et aI, 1 997) using differential pu lse 
polarography in unversal buffers of pH 2 .0  to 6 .0 .  The cathodic peak 
observed for folfet , phosmet, and dial ifos is attributed to the reduction of 
the carbonyl g roup ,  and was show, and was shown to be pH-dependent. 
Differential pu lse polarography was used to estimate folfet , and phosmet, 
and dial ifos in agricu l tura l  formu lations ,  g rains and soil samples. Both 
standard addition and calibration methods were used for the analytical 
measurements. The lower detection limits were found to be 1 .9x1 0-9, 
1 .  72x 1  0-9, and 2 . 1 2x1  0-9 M ,  respectively. 
Nile red was examined as a possible f luorescence probe for DDT-type 
contaminations in aqueous solutions (Hassoon, S. & Schechter, I . ,  1 998). 
The effects of such a pesticide (i.e .  methoxych lor) on Nile red f luorescence 
properties was shown to be strong enough for analytical pu rposes . Several 
spectral effects were observed;  these include a selective complexaton 
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reaction ,  resu lt ing in  a new f luorescence peak (at 605 nm) and a 
polarization enhancement of the or ig inal N i le red peak (at 663 nm) .  I n  
addit ion , a l i nearly dependent b l ue-shift of the or ig inal N i le  red 
f luorescence was obtained . The f luorescence enhancement and l itensity of 
the complex peak were l i nearly dependent on pesticide concentration in 
the )1.g mr1 range. The probe showed a certain se lectivity to DDT-type 
pesticides. 
The adsorption behavior and d ifferential pu lse cathodic adsorptive 
stripping voltammetry of the pesticide Ch lorpyrifos (CP) were investigated 
(E lshahawi, M. S. & Kamal ,  M. M., 1 998) at the hanging mercu ry drop 
e lectrode ( H M D E) .  The pesticide was accu mulated at the H M D E  and a 
wel l-defined stripp ing peak was obtai ned at -1 .2v vs Ag/AgCI e lectrode at 
pH 7 .50.  a voltammetric procedu re was developed for the trace 
determination of Ch lorpyrifos using d ifferential pu lse cathodic adsorptive 
str ipping voltammetry (D P-CASV) . The opt imum working condit ions for the 
determinat ion of the compound were establ ished.  The peak cu rrent was 
l i near over the concentration range 9 .90x1  0-s-5 .96x1 0-7 molll of 
Chlorpyrifos . The i nf luence of d iverse ions and some other pesticides was 
investigated.  The analys is of Ch lorpyrifos in commercial formu lations and 
treated waste water was carried out satisfactor i ly .  
A d ifferent ial  pu lse voltammetric method is proposed (Gu iberteau,  A., et 
aI, 1 995) for the determination of the carbamate pesticides carbaryl and 
carbofu ran ,  based of the anodic peaks observed fol lowing their  a lkal ine 
hyd rolys is (formation of phenol derivatives) . L inear relationships between 
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the oxidation peaks and concentration were obtained in  the ranges 5x1 0·7 
to 1 0-4 M for carbaryl and 5x1 0·7 to 5x1 0-5 M for carbofuran ,  the relative 
standard deviations being 1 .62 and 1 .86%, respectively. The method was 
appl ied to the determination of these compounds in formu lations .  D ifferent 
chemometric methods ( PLS- 1 , PLS-2 and CLS) were exam ined for the 
resolut ion of the overlapped peaks of both compounds and their 
determination in  mixtu res .  The best resu lts were obtained with the PLS-1  
method, which was appl ied the determine both compounds in  river water 
samples. 
As a precu rsor to the development of effective vat management and waste 
d isposal strateg ies,  the k inetics and basic mechanisms of amitraz, N-(2,4-
d imethylphenyl)-N-[[(2 ,4-dimethylphenyl ) imino]-methyl]-N-methylmethan­
imidamide, hydrolysis were examined (Pierpoi nt, A. C., et aI, 1 997) as 
was the effect of cosolvents and metal ions. Amitraz was read i ly 
hydrolyzed at low pH values,  forming acid-stable 2,4-
d imethylphenylformamide, which can be further  hyd rolyzed to 2,4-
d imethylan i l ine .  The hyd rolysis of 2 ,4-d imethylphenylformamide was faster 
u nder basic condit ions .  Thus ,  the addit ion of l ime,  a management 
techn ique used to stabi l ize the amitraz, w i l l  enhance the hydrolysis of its 
degradation products to an i l i ne .  
A rapid ,  sensitive method for the determination of  paraquat and d iquat in  
aqueous media us ing square wave voltammetry (SWV) is d iscussed 
(Walcri us, A. & Lamberts, L., 1 996) on the basis of the analyte behavior 
in cycl ic voltammetry .  Cation-radicals formed upon the one-electron 
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reduction of the analyte(s) adsorb on the mercu ry electrode surface with 
both flat and vertical orientat ions. With low concentrat ions only the f lat 
oriented deposit occu rs and the adsorption becomes progressively 
d iffus ion-control led , especial ly at h igh scan rates . SWV experiments were 
based on h is d iffus ion-control led adsorption process.  Effects on square 
wave frequency /, stai rcase step height !J.Es, scanning d i rection ,  p resence 
of su rfactants and support ing e lectrolyte concentration were examined for 
the optim ization of experimental condit ions. The optimal parameters found 
were /= 1 00 Hz and !J.Es = 2 mV for scann ing potentials f rom -0.85 to -
0 .25 V in the presence of 0 .003 % gelatin and with supporting electrolyte 
concentrat ions ranging from 0.02 to 0.05 M .  cal ib ration curves were l i near 
in  the range 5x 1 0-8 to 1 x 1 0-5 M with a detection l imit of 1 .5x 1 0-8 M. SWV is 
a sensit ive techn ique,  more rapid than a l l  other described procedu res for 
determin ing these pesticides, and al lows analysis to be performed in the 
presence of a ionic matrix. The method was extended to the analysis of 
paraquat and d iquat in potatoes after d igestion in  hot su lfu ric acid ,  
neutral ization and sol id phase ext ract ion. The detect ion l imit has been 
found to be 11-1g g- 1 for both pesticides. 
The degradative kinetics of pesticides on plant su rface are characterized 
(Zongmao, C. & Haib in ,  W., 1 997) by an in it ial rapid degradation which 
fol lows a fi rs-order kinetics, then transferred to a more s lower degradative 
rate, the degradative process main ly consists of photodegradation , 
evaporat ion, rainfal l  e lut ion and growth d i lut ion.  The inf luencing 
parameters of these p rocesses were investigated by using the tea plant as 
a case study. The predictive model of the in it ia l  concentration , 
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photodegradation rate constant, evaporation rate constant, rainfal l  e lution 
rate, g rowth d i l ution rate and the total degradation rate was discussed and 
verified in  fou r  locations situated in  the range of 25°-30° N latitude, and 
acceptable resu lts were obtained . 
The gram-negative bacterium pseudomonas cichorii 1 70 ,  isolated from soi l  
that was repeatedly treated with the nematocide 1 ,3-dichloropropene, 
could ut i l ize low concentrat ions of 1 ,3-dichloropropene as a sole carbon 
and energy source. Stra in 1 70 was also able to g row on 3-chloroallyl 
alcohol ,  3-ch loroacry l ic acid ,  and several 1 -halo-n-alkanes. This organ ism 
produced at least th ree d ifferent dehalogenases; a hydro lytic haloalkane 
dehalogenade specific for haloa lkanes and two 3-ch loroacry l ic acid 
dehalogenases , one specific for cis-3-ch loroacry l ic acid and the other 
specific for trans-3-ch loroacryl ic acid .  The haloalkane dehalogenase and 
the trans-3-ch loroacryl ic acid dehalogenase were expressed constitutively, 
whereas the cis-3-chloroacryl ic acid dehalogenase was inducibe. The 
presence of these enzymes ind icates that 1 ,3-dich loropropene is 
hyd rolyzed to 3-ch loroal lylalcohol ,  which is oxid ized i n  two steps to 3-
ch loroacry l ic acid .  The latter compound is then dehalogenated , probably 
forming malonic acid semialdehyde. The haloalkane dehalogenase gene, 
which is i nvolved in  the conversion of 1 ,3-dich loropropene to 3-ch loroal lyl 
alcoho l ,  was cloned and sequenced, and th is gene tu rned out to be 
identical to the previously studied dhaA gene of the g ram-positive 
bacteriu m  Rhodococcus rhodochrous NCI M B 1 3064 . M utants resistant to 
the su icide substrate 1 ,2-dibromoethane locked haloalkane dehalogenase 
act ivity and therefore could not ut i l ize haloalkanes for g rowth.  PC R 
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analysis showed that these mutants had lost at least part of the dhaA 
gene. (Poelarends, G. J. , et aI, 1 998). 
I nd igenous bacteria f rom 8t. Vincent (West I nd ies) banana farm soi l ,  
en riched cu ltu res of three isolates ,  and a m icrobial mat were tested for 
their abi l ity to degrade carbofuran ,  ch lordane, paraquat ,  and prophos 
(Murray, R., et aI, 1 997). In s ingle-pesticide appl ication experiments , only 
35% of the parent carbofu ran was recovered after 2 1  d; paraquat recovery 
was 40%, and ch lordane, 9 1  %.  I n  a mixtu re conta in ing each pesticide,  
42 .0% of the parent carbofu ran was recovered ,  and paraquat and 
ch lordane recoveries were 52.0% and 94.0%, respectively. A microbial 
mat and the isolates were shown to minera l ize [1 4C]carbofuran .  Best 
resu lts (93 . 1 1  1-19 [1 4C]carbofuran/kg dry microbial mat) were f rom a 1 5-d 
dark soi l  experiment. I n  f ield tr ia ls ,  the concentration of carbofu ran 
decreased 82% with m icrobial mat treatment, and control plot 
concentrations actual ly increased 26%. The concentrat ion of prophos 
decreased s ign ificantly after 4-d (0-6 mg/kg) in  the p lots with a microb ial 
mat, whereas in  control p lots it increased f rom 7 to 1 2  mg/kg at day 0 to 
1 80 mg/kg at day 4. After 60-d prophos was not detected in  any microbial 
mat plot, whereas al l but one control p lot had it (0- 1 2  mg/kg) in  the soi l .  
Degradation o f  four  pesticides (heptach lor, d ie ldrin  and heptachlor 
epoxide) was tested us ing free cu l tures of Pseudomonas fluorescens 
u nder controled condit ions. Bandala, E. R. & Octaviano, J. A., 1 998 
Pesticide concentrations were mon itored by gas ch romatography during 
1 20 hou rs. Percentages of degradation and biodegradation rates (BDR) 
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were calcu lated . Data show a trend suggestion a relation between 
chemical structu re and degradabi l ity. Degradation kinetics for each 
pesticide tested showed that the h igher degradation rates were found in  
the f i rst 24 hours .  GC/MS analysis of  the f inal extracts al lows the 
identification of ch lordene and monochlorod ie ldr in ,  which had been 
reported as f inal metabol ite produced in the biodegradation of this kind of 
compounds.  
Three different mu lt i res idue methods (the Mi l l s ,  Luke, and Leary methods) 
have been assessed for their  extraction of buprofezin residues from 
peppers ,  beans,  and eggplants (Garcia,  A. V., et aI, 1 993). Recovery 
studies were carried out on fortified samples,  us ing capi l la ry gas 
chromatography with n itrogen-phospharus detect ion for buprofezin 
analysis in  the vegetable extract ions. Recoveries of greater than 8 1  % with 
standard deviat ions of less than the 1 1  % were obtained in all instances , 
but the Leary procedu re was more eff icient than the M i l l s  and Luke 
methods .  On the other hand , residue levels and the degradation rate of 
buprofezin in eggplants g rown in a commercial g reenhouse have also 
been stud ied . Buprofezin resid ues were extracted by the Leary method , 
analyzed by GC-N PD,  and confi rmed by GC-FPD.  The degradation rate 
constant and the half- l ife period obtained for buprofezin in  eggplants were ,  
respectively, 0 . 1 5  days , super (- 1 )  and 4 .6  days . 
Isolated uterine strips were used to study the effects of amitraz and its 
metabol i tes on porcine myometrial contract i l ity du ring the luteal phase of 
the estrous cycle. Amitraz and its active metabol ite BTS27271 ( 1 0  SUP -
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S U P  8 - 1 0  S U P  - SUP 5 M)  caused a dose-dependent increase in 
myometrial contract i l i ty i n  the luteal phase str ips,  and BTS2727 1 was more 
efficacious than amitraz in  this aspect. The other metabol ites of amitraz at 
<= 1 0  S U P  4 M did not affect porcine myometrial contract i l i ty .  The alpha 
S U B  2 -adrenoceptor antagonistm , yoh imbine ( 1 0  S U P  - SUP 8 -3x1 0 
S U P  - S U P  7 M) ,  but not the alpha SUB 1 -ad renoceptor antagonist, 
p razosin ( 1 0  S U P  - S U P  6 M), b locked the effect of amitraz and 
BTS2727 1 in  a dose-dependent manner. 
The sol id phase micro-extraction (SOM E) techn ique was appl ied (Volante, 
M. ,  et aI, 1 998) to the determination of chlorp ropham in potatoes and 
amitraz in hone. The homogen ized sample,  suspended in water and 
sti rred ,  was extracted with a 1 00 .mu .m thick polyd imethylsi loxane fiber 
and desorbed into the infection port of a gas chromatograph/mass­
spectrometer (quad rupole) operat ing in s ingle ion monitoring .  Sensitivities 
down to 0 .0 1  mg/kg and l i near responses in the range of 0 .0 1 -0. 1 mg/kg 
were obtai ned . The resu lts of SOME pesticide res idue analysed . I n  
potatoes corresponded to those obtained with a tradit ional mu lti residue 
method. 
Seventy-two pesticides and 9 related compounds were s imu ltaneously 
extracted with acetone f rom potatoes and radish roots , subjected to sol id 
extraction with and Extre lut column ,  e luted with AcOEt, and quantitated by 
gas- chromatography (Yamada, N., et aI, 1 997). With f lame photometric 
detection d i rectly and by gas chromatography with N P-flame thermionic 
and e lectron-captu re detection and high-performance l iqu id 
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chromatography. After clean-up with Sep-Pak p lus s i l ica or  Sep- Pak plus 
Flor is i l  cartridges.  High recoveries were obtained for most of the 81 
compounds .  The sol id extractions g ive higher recoveries of acephate and 
methamidophos from both crops and of eth iofencarb from rad ish roots 
than conventional l iqu id- l iqu id extraction .  Recoveries of th iometon and 
amitraz were very poor f rom both crops, and those of d ichlorvos,  terbufos , 
hexachlorocyclohexane,  ald rin ,  captafo l ,  and captan from rad ish roots and 
those of eth iofencarb f rom potatoes were very low. 
A s imple and rel iable method for the determinat ion of trace amitraz in 
apple by gas ch romatography was presented (Yang,  R., 1 997). The 
condit ions of quant itative analysis were investigated in  detai l .  The 
detection l im it was 1 .09x 1 0- 1 2 g and yield 83. 1 -87.7% 
I n  order to know the photochemistry behaviors of pesticides in  natu ral 
water and on the su rface of sol ids such as agricu ltu ral leaves and clay 
particles ,  the degradation patterns of 35 organophosphorus ,  28 
organonitrogens,  9 organoch lorines and 7 pyreth roid pesticides i n  d isteled 
water and on the s i l ica gel p late d u ring exposure to UV l ight (365 nm) for 
4 h were investigated (H i rahara,  Y., et aI, 1 998).  The percentages of the 
degradation of pyreth roid and organophosphorus pesticides were h igher 
than those of o rganochlor ine and organonitrogen pesticides under 
photoexposu re in d isteled water and on the s i l ica gel p late . The 
percentages of degradation of a l l  the pyreth roid pesticides were h igher 
than 36%. Besides,  the photochem degradation on the th ioether groups in 
d isu lfoton and fenthion were beyond 70%. Photochem degradation 
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products derived f rom disu lfoton and fenthion were confi rmed to be 
desu lfoton su lfoxide and fenthion su lfoxide by GC-MS .  The percentages of 
deg radation of formothion,  desulfoton ,  fenth ion,  vamidothion,  edifenphos, 
and pyridafenthion of the s i l ica gel p late were superior those in d ispel led 
water. These f indings suggested that those pesticides described above on 
the su rface of solids such as agricu l tural leaves and clay particles were 
readi ly degraded as compared with those in natu ral water. 
A gas chromatography-mass-selective (GC-MS) detect ion method to 
determination buprofezin ,  pyridaben ,  and tebufenpyrad on the pu lp ,  pee l ,  
and whole f ru it of clementines is described (Cabras, P., et  ai, 1 998). The 
extract ion/partit ion p rocedu re was performed in  1 step and no cleanup was 
necessary with the GC-MS in the S IM-mode pesticide deg radation . 
Recovery ranged f rom 75 to 1 24% with coeff icient of variance ranging 
between 1 and 1 3%.  The l imit of  degradation was 0 .01  mg/kg for  a l l  
pesticides. The f ie ld t r ia ls showed a s imi lar  degradative behavior for a l l  
active ingredients (AI ) ,  wi th a great residue decrease d u ring the 1 st week 
and stabi l ityin  the 2nd . Just after treatment buprofezin and tebufenpyrad 
showed lower residues than the max. residue l imit (M RL) f ixed in italy, 
whi le pyridaben was below the M R L  after a week .  
A review with many references is given on residue analytical methods for 
the degradation of alconifen , azoxystrob in ,  buprofezin ,  metosulam, 
pyrimthan i l ,  and su lcotrione i n  crops, food of plant and animal orig in ,  soi l ,  
water, and  a i r  inc lud ing l imits of determination and  recoveries obtained in  
fortif ication expts (F ischer, R. & Siebers, J., 1 997). 
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An adsorptive stripping voltammetric method for the determination of the 
pesticide d inoseb (2-sec. -butyl-4 ,6-din itrophenol) at the mercury f i lm 
electrode is described (Pedrero, M., et aI, 1 994). The deposit ion of the 
mercu ry f i lm on a g lassy carbon disk electrode was opti mized. The 
temperature, at which the mercury f i lm was deposited ,  was demonstrated 
to have a strong inf luence on the stripping peaks, the f i rst one being much 
more intense than the second.  A systematic study of the variables 
affecting the stripping response was carried out by d ifferential pulse 
voltammetry .  The resu lts obtained have been compared with those at the 
H M D E ;  a s ign ificant improvement in the sensit ivity of the method 
developed with the MFE was observed .  Us ing a 300 s accumulation t ime, 
the l im its of determination and detection were 3 .6x 1 0-1 0 and 1 . 1 x1 0-1 0 mol 
L- 1 , respectively. The effect of the presence of several herbicides on the 
d inoseb response was also tested. The method has been appl ied to the 
determination of the pesticide in spiked apple j u ice at two concentration 
leve ls :  1 2 .0 and 1 .2 jJg L-1 of ju ice. 
Compound behavior such as adsorption with soi l  and mobi l ity in  rice plants 
of 2- ter1-buty l imino-3-isopropyl-5-phenyl-3 ,4 ,5 ,6-tetrahyd ro-2H- 1 ,3 ,5-
th iadiazin-4-one(buprofezin) and 3' - isopropoxy-2-(tr if l  uoromethyl)-
benzan i l ide(f luto lan i l )  were determ ined and compared with resu lt reported 
previously for a set of fungicidal compounds (Uchida,  M. ,  et aI, 1982). 
H igh ly hyd rophobic buprofezi n ,  was not strongly adsorbed with the soi l 
and considerably mobile in  the p lant. These types of behavior may be 
contribut ing characteristics in  their effectiveness as pesticides . 
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Relationship between behavior and hydrophobicity ( log P) of the 
fungicides were found to be extendib le to structu ral ly unrelated 
compounds such as buprofezin and f lutolan i l .  This in turn means that 
compound behavior can be general ly pred ictable f rom a measure of the 
hydrophobicity, log P. 
[Phenyl ring-U- 1 4C] buprofezin ,  2-ten-buty l imino-3-isopropyl-5-phenyl­
perhydro- 1 ,3 ,5-th iad iazin-4-one,  g radual ly decomposed in soi ls under 
f looded and u pland condit ions, with the half  l ives of 1 04 and 80 days, 
respectively. After 1 50 days , five degradation products were identified by 
th in- layer cochromatography: 2-ten-buty l imino-5-(4-hyd roxyphenyl)-3-
isopropyl-perhyd ro- 1 , 3 ,5-th iad iadin-4-one, 3-isopropyl-5-phenyl-perhyd ro-
1 , 3 ,5-th iad iazin-2,4-dione, 1 - ten-butyl-3-isopropyl-5-phenyl -b iuret, 1 -
isopropyl-3-phenylu rea and pheny lurea. As minor products, 2- tert­
butyl im ino-5-phenyl-perhydro- 1 ,3 ,5-thiad iazin-4-one or buprofezin 
su lfoxide were found in  the flooded or the up land soi l .C 4C] Carbon d ioxide 
and bound 1 4C residue accou nted for 23-24% and 1 3-2 1 % of the appl ied 
radioactivity, respectively. The degradation of buprofezin remarkably 
delayed in  ster i le soi ls ,  buprofezin seems to have undergone complete 
mineral ization in the soi ls under both f looded and upland condit ions 
through biological transformation by soi l microorganisms (Funayama, S., 
et aI, 1 986). 
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1 .2. Heat treatment, stabi l ity and degradation of pesticides. 
An important aspect of the chemistry of pesticides and herbicides is to 
study their degradable fate in  the s ite of thei r appl ication .  Thus,  
photocatalysis (Hoffman,  M.R, et al, 1 995) ,  e lect ron-beam i rrad iation 
(Penetrante ,8 .M ;  Schu ltheis, S .E,  (part A) 1 993; Penetrante, 8 .M,  (part 
8)1 993), sonochemistry (Kotronarou,  A., et aI, 1 991 ) ,  UV -perozone 
photolysis (Hua,  I . ,  et aI, 1 995) and electrochemical methods (Pulgar in ,  C. ; 
Kiwi,  J. ,  1 996) are reasonably wel l  understood for treatment of such chemical 
compounds.  However,  their  scale-up f rom the bench to the pi lot p lant has not 
been completely establ ished . On the other hand, the determination of 
pesticides and herbicides using electrochemical techn iques and biosensors 
(Trojanowicz, M. et al. (1 996); Lui ,  J. et al. (1 996); Rain i na E . I ,  et al. 
(1 996); Everett, W.R . ,  et al. (1 998) is of interest for envi ron mental mon itoring 
pu rposes and for food industry in  particu lar .  E lectrochemistry can be used for 
a number of pu rposes l i nked to water and eff luent t reatment. The most 
important of these involve the removal of contaminants from waters by 
appl ication of an appropriate potential . Cel l  designs favored large electrode 
surface area as we l l  as the nature of surface employed.  Two general 
methods could be considered; (i) in situ electrochemical ly generated oxidants 
such as hydrogen peroxide,  ozone,  hypochlorite and chlor ine,  and ( i i )  
e lectrof lotation by generating gas bubbles electrocatalytical ly at  the base of 
tanks through which the eff luent enters s lowly at one end at the top and is 
continuously removed from the bottom at the other end (P letcher, D; Walsh, 
F.C, 1 990). Among other methods for pesticides/herbicides treatment are 
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those based on the appl ication of heat and i rrad iation (Wam hoff, H . ,  
Schneider, V. ,  1 999) .  
Byproducts resu lt from the treatment of pesticides and herbicides that can be 
monitored us ing several methods.  For instance, a widely used herbicide, 2,4-
dich lorophenoxyacetic acid (2,4-0) , is a model for a toxic organ ic pol lutant .  
H igh-pressu re l iquid chromatography (H PLC) was used to quant ify the 
d istribution of the hydroxylated products obtained after e lectrochemical 
treatment (Oturan ,  M.A. ,  2000). Rate constants for the hydroxylation 
reactions of 2 ,4-0,  2 ,4-dich lorophenol (2 ,4-0C P) ,  2 ,4-dichlororesorcinol (2,4-
OCR) and 4 ,6-dichlororesorcinol (4,6-0CR) were thus determined . The 
mineral ization of 2 ,4-0 and its derivatives was fol lowed by total organic 
carbon (TOC) measurements. More than 95% of 2 ,4-0 and the intermed iates 
generated du ring the electrolysis can be minera l ized . E lectrochemical 
methods,  namely those based on polarographic measu rements were also 
used as a mean for mon itoring pesticide degradation .  For example, the 
photochemical degradation of metamitron (4-amino-4 ,5-dihydro-3-methyl-6-
phenyl- 1 ,2 ,4-t riazin-5-one) and im idacloprid ( 1 - (6-ch loro-3-pyridylmethyl) -N­
n it roim idazol id in-2-yl ideneamine) has been investigated by d ifferential-pu lse 
polarography. In this study, micel lar e lectrokinetic chromatography (MEKC) 
was also used to study the degradation pathways of these pesticides were 
elucidated and their  degradation products were proposed . I n  other cases , the 
hybridization or  combination of two techniques to investigate the degradation 
of pestic ides. Thus,  the deg radation products of two commonly encou ntered 
pesticides, desethyl atrazine and desethyl terbutylazine were investigated by 
UV spectrophotometric and electrochemical techniques (Colombin i ,  M.P. ,  et 
al. 1 998). The structu re of degradation products of s-triazine pesticides, were 
22 
determined by chemical methods ,  H PLC , mass and N M R  spectroscopy 
(Rajeshwar, K., 1 995).  I n  a l l  the primary and secondary ozonation products 
oxidation of the N-alkyl to the N-acetyl and/or removal of the amino 
substituents occu rred and the s-triazine r ing remained intact and 
dech lorinat ion was not observed . 
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1 .3 The a i m  of i nvestigat ion.  
I nsecticide are effective against a wide range of  insects on fruits, vegetables, 
and commercial crops as wel l  as on animals. Prevention of the negative 
effects of insecticide requ i res a systematic content of thei r remains in 
agricu l tural products , food , fodder, soi l ,  and water. Rel iable analyt ical 
procedures are therefore needed for thei r determination . Therefore , it is aimed 
in  this thesis to carry out a systematic study on the electrochemical behavior 
of two insecticides namely, buprofezin and amitraz. I n  this context , the su rface 
activity and redox behavior of buprofezin  and amitraz were stud ied by cycl ic 
voltammetry in  d i fferent buffer solut ions. The present study is extended to 
investigate the appl icabi l ity of cathodic adsorptive stripp ing voltammetry 
(CAS V) fol lowed by d ifferential pulse votammetry (D PV) for e lectroanalytical 
determination of buprofezin and amitraz. The use of CAS V in the 
electroanalysis of the investigated compounds is based on the 
aforementioned resu lts of CV which ind icate the adsorption of these 
compounds on the e lectrode su rface. The select ivity of this tech nique for trace 
determinat ion of buprofezin and amitraz in soi l  and water has been reported 
at the optimum condit ions. 
Another goal of the present study is to investigate the effect of heat and 
electrochemical treatment on the stabi l ity/degradation of amitraz and the 
stabi l ity/degradation was mon itored using I R-spectrophotometry and CASV. 
buprofezin ,  on the other hand, was treated electrochemical ly and the 




2.  Experimenta l .  
2 . 1 . Chemicals and Reagents. 
2 . 1 . 1 . Preparation of pestic ides sol utions. 
Standard buprofezin (99%) , [2-[ 1 , 1 -d imethylethyl) im ino] tetrahydro-3-
( 1 -methylethyl )-5-phenyl-4h- 1 ,3 ,5-thiad iazin-4-one], was suppl ied by 
P lant Protection Division (min istry of agricu ltu re ,  UAE) . amitraz, N-
methyl bis(2 ,4-xyly l im inomethyl) amine,  was obtained from Riedel-de 
Haen .  The structu re of the tested pesticides are given in Fig. 2 . 1  
B uprofezi n  
Amitraz 
Fig. 2. 1 .  Structures of Pestic ides 
25 
Endosu lfan ,  Ch lorpyrifos and Carbary l  pesticides were used to 
investigate their  interfer ing effects on the voltammetric determination of 
the invest igated pesticides. Stock solut ions 1 x 1  0-3 M of each 
compound were prepared in ethanol .  A series of standard solut ions of 
these compounds were prepared by d i lut ing their stock solution with 
ethano l .  
2 . 1 .2 .  Britton - Robinson (BR) buffer solutions. 
B ritton - Robinson butter (Britton ,  H .T .S ,  1 952) is a un iversal buffer 
contain ing the pH range 2- 1 1 and used as support ing e lectrolyte. The 
BR buffer was prepared in  the usual way by add ing appropriate amount 
of 0 .2 M sod ium hyd roxide to orthophosphoric acid ,  acetic acid and 
boric acid (0 .04 M in each) .  All chemicals were reagent g rade (Merck, 
Darmstadt) . Twice-dist i l led water was used to prepare the solut ions. 
The pH measu rements were made by a Metrohm 632-pH meter 
accu rate to ± 0 .05 un it .  
2 . 1 .3 .  Borate buffer solut ions. 
A series of buffer covering the pH range 7 .7- 1 0 was prepared by 
d issolv ing a known amou nt of sod ium tetraborate in  a defin ite volume 
of twice d ist i l led water (Lu rie, J u . ,  1 975) . 
2.1 .4. Ammonia buffer solutions. 
A series of buffer covering the pH range 7- 1 0  was prepared by 
d issolving a known amou nt of ammon ium ch loride and ammonium 
hyd roxide in  a defin ite vol ume of twice d isti l led water. 
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2 . 1 .5 .  Meta l salt sol utions. 
Stock solut ions of 1 x 1  0.2 M Co( I I ) ,  Cu( I I ) ,  Zn( I I ) ,  Pb( l l )  and Cd( l l )  were 
prepared from their analytical g rade nitrate salts (BDH Chemicals) in  
twice d ist i l led water. D i l uted solut ions of  the above solut ions were 
p repared by d i l ut ing the stock solut ion with double d isti l led water to the 
specific volume.  
2 . 1 .6 .  Preparation of soi l  and water samples for ana lysis .  
Soil. The soi l  sample was d ried on f i l ter paper at  laboratory 
temperature. For the extraction , 50 g of the d ried soi l  was transferred 
i nto a 250 ml E rlenmeyer f lask and sprinkled with a g iven amount of 
the stock insecticide solut ion in ethanol solvent and left for 2-4 h .  
These samples , and  blanks in  which the soi l  was sprinkled with the 
solvent on ly ,  were extracted 2-5 times by acetone. The extracts were 
evaporated to d ryness. The resu lt ing residues were d issolved in 
ethanol and t ransferred to a 50 ml  volu metric f lask. The determination 
of the insecticide was carried out by DPSV under the experimental 
condit ions described below using the mu lt ip le standard addit ion. 
Tap water or treated wastewater. A 1 000 ml  sample was spiked with a 
g iven amount of the stock insecticide solut ion in  ethanol solvent and 
left for 30-60 s. This solut ion was passed th rough a Whatman nylon 
membran-fi l ter (0 .45 Jim pore size) , and the voltammogram of the 
f i l t rate was recorded . The concentrations of the pesticides in  the 
investigated samples were calcu lated f rom the mu lti-step standard 
addit ion p lots us ing the Kaleida G raph computer p rogram.  
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2.2. Instrumentat ion.  
2 .2. 1 . Cyc l ic  vo ltammetric measurements: 
A Princeton Appl ied Research (PAR) model 264A polarographic and 
voltammetric analyzer, coupled with a PAR Model 303A hanging 
mercu ry d rop electrode (HMDE)  were employed for cycl ic voltammetric 
measurements. The condit ions of measurements were hanging 
mercu ry d rop electrode (HMDE) as a working electrode with area 0.052 
cm2 versus Ag/AgCI reference e lectrode and Pt wire counter e lectrode. 
Also, 1 00mV scan rate , with variable deposit ion t ime and start ing 
potential were used to investigate the adsorbabi l ity of the tested 
compounds at the mercury electrode s u rface. The cycl ic 
voltammograms were recorded on X-Y recorder  RE 0 1 50 (PAR) .  
2.2.2.  Cathodic adsorptive str ipping voltammetric measurements : 
Cathodic adsorptive stripping voltammetric (CASV) measu rements 
were carried out with a PAR model 264 voltammetric analyzer in  
conjuction with a PAR with 303A HMDE and PAR 305 magnetic sti rrer .  
In CASV the i nvestigated compounds are p reconcentrated into a 
hanging d rop mercury electrode by stripping the deposited species 
back into solut ion by imposit ion of a potential step as a pulse voltage 
ramp. The d ifferent ial pulse mode is used because of its correct ion for 
the charg ing cu rrent and commercial avai labi l ity .  The amou nt of 
investigated compounds accumu lated on the electrode su rface in 
addit ion to the variables of  solut ion, concentration and pH ,  is also 
affected by other variables such as deposit ion time, accumu lation 
28 
potentia l ,  scan rate. I nstrument sett ing for d ifferential pu lse cathod ic 
stripp ing voltammetry (un less otherwise stated) were : scan rate 20 mV, 
pu lse ampl itude 1 00mV, pu lsed appl ied at 0 .5 s intervals ,  deposition 
t ime 30-60 s (with sti rring ,  un less otherwise stated) .  Voltammograms 
were recorded on an advanced X-Y recorder Model RE 0 1 50 after 
automated deareation of the electrolysed solut ion. 
2.2.3. Electrochemical  cel l .  
A PAR cel l  equ ipped with hanging mercu ry d rop (working electrode) , 
Ag/AgC I ( reference e lectrode) and Pt wire (counter electrode) was 
used for cycl ic and d ifferential pu lse cathodic stripping voltammetric 
measu rements. The area of the hanging mercury electrode was 
5 .2x 1 0-2 cm2. N i t rogen was bubbled through the solut ion in the cell for 
1 6  min  to remove oxygen and the correspond ing voltammograms were 
recorded .  Also,  n i trogen was bubbled through the solut ion in  the cel l  for 
2-3 min  after add it ion of the solut ion of the tested compou nds before 
record ing the voltammetric cu rves . A l l  measu rements were performed 
at 20 ± 05 DC . 
2.3. Different ia l  pu lse cathod ic adsorptive str ipping voltammetric 
(DPSV). 
2.3 . 1 . I nf luence of pH on DPSV determination of buprofezi n  a nd am itraz. 
I n  the voltammetric cel l ,  mix 8 ml  of Britton-Robinson buffer at various 
pH (2- 1 1 )  with 2 ml of ethanol and then pass the pu rified n i trogen 
through the electrochemical cell for 1 6  min  under sti rred condit ions. 
Record the d ifferential pu lse-adsorpt ive cathod ic voltammetry of the 
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background electrolyte at an accu mu lation potential of -0 .5 V or -0 .8 V 
vs . Ag/AgC I ,  deposit ion time of 30 s ,  20 mV.s- 1 scan rate and pu lse 
ampl itude of 1 00 mVpp. U nder the experimental condit ions employed a 
solut ion of 0 .05-0 . 1 0  m l  of the buprofezin or amitraz ( 1  x 1  0-3mol/l) was 
added and a stream of pu rified n i trogen was passed for 3 min through 
the solution cel l  under sti rred condit ions. 
2.3.2. I nf luence of ind ifferent supporting electro lyte on the DPSV 
determination of buprofezi n  a nd am itraz. 
I n  separate experiments d ifferent support ing electro lytes (8ml) of 
B ritt ion-Robinson buffer, borate buffer, ammonia buffer and NaOH 
were m ixed with 2 m l  of ethanol in  the electrochemical cel l .  The 
solution in  the electrochemical cel l  was then pu rged with pu rified 
n i t rogen for 1 6  min  and the background voltammog ram of each 
solut ion at accumulation potential of -0 .5 V or -0 .8 V vs. Ag/AgC I ,  
deposit ion t ime 30 sec, 1 0  mV. S- 1 scan rate and 1 00 mVpp pulse 
ampl i tude. U nder the same experimental condit ions employed a 
solut ion of 0. 1 0  m l  of buprofezin or  amitraz ( 1  x 1  0-3 molll) was then 
p laced in  the e lectrochemical cel l  and a stream of pu rified n i trogen was 
passed th rough the electrochemical cel l  under sti rred conditions.  The 
voltammograms of the solutions were then measu red at the above 
mentioned condit ions. 
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2.3 .3 I nfl uence of scan rate and pulse ampl itude on DPSV 
determi nation of buprofezi n  and am itraz. 
In the electrochemical cel l  8 m l  of Brittion-Robinson buffer at pH 7 for 
buprofezin or pH 1 0  for amitraz were mixed with 2 m l  of ethanol . The 
solut ions was then purged with pu rified n itrogen for 1 6  min under 
sti rred condit ions .  The voltammogram of the backg round electrolyte 
was then recorded at various scan rate (2-50 mV.s· 1 ) and pu lse 
ampl itude (25- 1 00 mV) .  Fol lowing the same experimental condit ions, a 
solution of 0 . 1 0  m l  of buprofezin or  amitraz ( 1  x 1  0.3 mo lll) was then 
introduced in  the electrochemical cel l  and a stream of pu rified n itrogen 
was then passed for 3 min under sti rred condit ions .  Record the 
voltam mogram of the solut ion at the same scan rate , pu lse ampl i tude, 
accumu lation potential t ime of -0 .5 V or -0 .8  V vs . Ag/AgC I and 
deposit ion t ime of 30 sec. 
2.3.4 I nf luence of accumulat ion potentia l  on the DPSV determination of 
buprofezi n  a nd am itraz. 
In the e lectrochemical cel l  mix 8 m l  of B ritton-Robinson buffer at pH 7 
for buprofezin or  pH 1 0  for amitraz with 2 m l  of ethanol . Percolate 
pu rif ied n itrogen through the electrochemical cel l  for 1 6  min  under 
sti rred cond it ions .  Record the voltammog rams of the background 
electrolyte at 30 sec deposit ion t ime and various accumu lation potential 
(0 .0- - 1 .0  V) vs. Ag/AgCI .  U nder the same experimental condit ions 
employed,  a solut ion of 0. 1 0  m l  of buprofezin or  amitraz (1 x1 0.3 mo lll) 
was p laced in the electrochemical cell and a stream of pu rified n itrogen 
was then passed through the cell for 3 min under sti rred conditions. 
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Record the voltammograms at 30 sec, pu lse ampl itude of 1 00 mV, 20 
mV.s-1 scan rate at various accumu lation potentia l .  
2.3.5 .  I nfl uence of deposit ion t ime on the DPSV determ i nation of 
buprofezin  and am itraz. 
U nder the previous opt imum experimental condit ions of pu lse 
ampl itude, scan rate and accumu lation potential mix 8 ml of B ritton­
Robinson buffer at pH 7 for buprofezin or pH 1 0  for amitraz in the 
voltammetric ce l l .  Pu rified n i trogen gas was then purged through the 
solution cel l for 1 6  min under sti rred cond it ions. Record the 
voltammogram of the background electrolyte at various  deposit ion t ime 
(0- 1 80 s) at the opt imum scan rate and accumulation t ime. Repeat the 
same experimental after placing 0 . 1 0  m l  of buprofezin or  amitraz (1 x1 0-
3 M)  electrochemical cel l  and passing a stream of pu rified n i trogen for 2 
min  through the cel l  under sti rred condit ions .  Record the 
voltammogram of the solut ion at each deposit ion t ime. 
2.3.6. I nf luence of d iverse ions on the DPSV determinat ion of buprofezin 
a nd am itraz. 
The interference of various ions, e .g .  copper( I I ) ,  lead ( I I ) ,  cadmium( l I ) 
and zinc( I I ) ,  ions at a 1 0: 1 ( i nterferent :  analyte) approximately 
exceeding those normally fou nd in  natu ral water was critical ly 
investigated on the D PSV determination of buprofezin or  amitraz. In the 
voltammetric cel l 8 m l  of B ritton-Robinson buffer at pH 7 for buprofezin 
or  pH 1 0  for amitraz were mixed with 2 ml  of ethanol . To this solution 
exactly add 0 . 1 0  ml of buprofezin or  amitraz (1 x1 0-3 M) and record the 
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voltammogram after purg ing pu rified n itrogen for 1 0  min under sti rred 
condit ions at the opt imum condit ions of deposition t ime, pu lse 
ampl itude, accumulation and potential scan rate . Repeat the same 
experimental condit ions in the presence of each of the added metal ion 
separately and record the voltammograms. 
2.3.7.  Appl ication of DPSV in the determination of buprofezin  and 
am itraz. 
Analysis  of buprofezi n  or amitraz i n  the soi l, tap water and treated 
waste water: 
In the voltammetric cel l ,  8 m l  of B ritton- Robinson buffer of pH 7 for 
buprofezin or  pH 1 0  for amitraz were mixed with 2 ml of absolute 
ethanol . The cel l  solut ion was then purged with d ry n i trogen for 1 6  min 
u nder sti rred condit ions and the voltammogram of the background 
e lectrolyte was then measu red at -0 .5 V or -0 .8 vs. Ag/AgC I ,  
deposit ion t ime of 60 s ,  2 0  mV.s·1 scan rate and 1 00 mVpp pu les 
ampl itude. To th is solut ion , 0 .5  ml of the extracted solut ion of 
buprofezin or  am itraz from the soi l  were spiked into the electrochemical 
cel l .  The solut ion was then pu rged with d ry n i trogen and the 
voltammogram for the unknown solut ion was then measu red under the 
same experimental condit ions of the backgrou nd e lectrolyte.  The f inal 
pesticide concentrat ion was then obtained from the mu lti-step standard 
add it ion p lots us ing the Kaleida G raph computer p rogram . Employing 
the same experimental p rocedures, analysis of spiked buprofezin or 
amitraz in  tap water and t reated waste water were crit ical ly carr ied out 
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and the f inal pesticide concentration was then determined using the 
mu lt ip le standard addition under the same experimental cond it ions. 
2.4. Heat treatment, stab i l i ty and degradation of the stud ied compounds. 
2 .4. 1 . Solut ions preparation :  
Standard amitraz and buprofezin solut ions were prepared as ind icated in 
ear l ier section of th is manuscript .  H PLC grade ethanol was used to prepare a 
1 .0 x 1 0.2 M stock solut ion . Fu rther d i l ut ions were made from stock solut ion. 
B ritton - Robinson buffer was prepared by d issolving orthophosphoric acid, 
acetic acid and boric acid in double-dist i l led water (0 .08 M each) .  The pH of 
the solut ion was adjusted by sod ium hydroxide solut ion (0 .2 M) .  A solution of 
pH = 7.00 ± 0 .05 was used in th is part of the present work. 
2.4.2. Soi l  treatment with am itraz: 
Dried soil samples, 20.00 9 each ,  were mixed thorough ly in  a 200 mL 
beaker with 20.0 mL amitraz of given concentration . The fol lowing amitraz 
concentrations were used: 5 .0  x 1 0.3 M ,  1 .0 x 1 0.3 M ,  5 .0  x 1 0.4 M and 1 .0 x 
1 0.4 M ,  respectively. The samples were transferred to a conventional oven 
and were left for d ifferent t ime inteNals of 1 .0 hou r, S hou rs ,  1 2  hours and 24 
hours,  respectively. The temperatu re sett ings were 37 ec , 50 ec and 80 ec , 
respective ly. A b lank sample was prepared by mix ing ethanol with soi l .  After 
heat treatment, the soil sample was treated 2 - 5 t imes with acetone,  and the 
extract was then evaporated to d ryness. The resu lt ing sol id residue was 
d ivided i nto two parts ; the fi rst was d issolved in 25 .0 m L  ethanol in a 
volumetric f lask for fu rther d ifferential pulse stripping voltammetric 
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determination .  The second portion of the residue was used for I R  
experiments. 
2.4.3. I nfra-red experiment: 
I nfra red spectroscopy were performed on KBr samples of the 
extracted res idue using a Sh imadzu I R-spectrometer model ( 470 ). 
Backgrou nd was run on b lank samples and subtracted f rom sample spectrum 
using the point -to-point su btraction method . 
2.4.4.  Differentia l  pu lse str ipping voltammetry 
The fi rst port ion of the extract residue was d i l uted to 25.0 mL ethano l .  
The experimental condit ions for  the DPSV were as fol lows: 8.0 mL of Britton­
Robinson buffer (pH = 7.00 ± 0.05) were mixed with 2.0 mL of ethanol­
conta in ing extract . N it rogen gas was purged through the electrochemical cel l  
for 1 0 .0  m inutes. The deposit ion t ime is 30 s at -0 .50 V (vs . Ag/AgCI ) ,  the 
d rop t ime was 0.5 s ,  and the pu lse amplitude was 0 . 1 0  V. The potential was 
scanned to the cathodic d i rection with a scan rate of 20 mV/s to a value of -
2 .30 V .  The e lectrochemica l  cel l  was described in  an earl ier section . 
2.4.5 .  E lectrochemical  treatment of buprofezi n .  
The degradation of buprofezin was performed i n  two steps: fi rst 
the solut ion contain ing the buprofezin was exposed to UV l ight for one hour,  
then the solut ion was transferred to a one compartment th ree-electrode cel l  
for  the electrochemical step. The in it ial concentration of  the buprofezin was 
1 . 03 x 1 0-2 M i n  aceton itr i le contain ing 0 . 1  M LiCI04 as support ing e lectrolyte. 
The cycl ic voltammogram of buprofezin was performed us ing a p latinum 
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e lectrode (0.08 cm2) ,  p latinum sheet (2 .0  x 2 .0  cm2) and a Ag/AgCI reference 
electrode. A scan rate of 1 0  mV/s was used . I n  the electrochemical 
treatment step, plat inum working electrode sheet (with 2 .34 cm2 apparent 
area) was used . Al iquots of the reaction mixtu re were withd rawn at different 
time intervals ,  and subjected to UV-vis spectrometric determination. A 
Sh imadzu (model no. UV-2 1 0 1  PC ) UV-vis spectrometer was used along with 
a match ing pairs of quartz cel ls .  A blank experiment was conducted in which 
only the solvent and the support ing electrolyte were equal ly treated as 
ind icated above for the sample. 
36 
Chapter III 
Adsorptive stripping voltammetric 
determination and electrochemical 
degradation of buprofezin 
3. 1 .  Adsorptive stripping voltammert ic determination of buprofezin .  
I nsecticides are effective against a wide range of insects on  fruits, 
vegetables,  and commercial crops as wel l  as on animals .  Prevention of the 
negative effects of insecticides requ i res a systematic control of the content of 
their  remains in  agricu ltu ral p roducts, food , fodder, soi l ,  and water. Rel iable 
analyt ical p rocedures are therefore needed for thei r determination.  Buprofezin  
( I )  [2-[( 1 ,  1 -d imethylethyl ) im ino] tetrahyd ro-3-( 1 -methylethyl)-S-phenyl-4H-
1 ,3 ,S-th iad iazin-4-one) is the common name ( I SO) of the insecticide recently 
introduced by N ihon Nohyaku Co. , Ltd . (Tokyo , Japan) as code no. NN I -7S0 
and trademark Applaud. This compound is a th iadiazine insect regu lator, 
molt ing inh ib itor, that has a persistent larvicidal action against some 
Coleoptera and Hemiptera and effect ive ly controls harmfu l insect pests 
inc lud ing the brown rice planthopper N i lapprvata l ugens and the greenhouse 
wh itefly Trialeu rodes vaporariorum (Worth ing,  C.  R. & Hance, R. J. , 1 991 ) .  I t  
is a l ready widely used a l l  the world over, i n  fact , the Spanish legis latu re has 
establ ished buprofezin maximum residue levels (MRL) only for tomato ( 1 .00 
mg/kg) ,  citrus fru its and cucu rbitaceae (0.20 mg/kg) ,  and other vegetables 
(0 .0 1  mglkg) . So far, ch romatographic techniques have been the most widely 
used for the determination of buprofezin .  (Uchida,  M . ;  et al. 1 982) stud ied 
buprofezin soi l  adsorption and mobi l ity in rice p lants by gas chromatography 
with e lectron captu re detection , and (Funayama et al. 1 986) used th in- layer 
chromatography and radioassay of C 4C] buprofezin to study its degradation in 
soi ls .  The analysis of buprofezin res idues in vegetables has been stud ied 
(Garcia,  A. V. , et al. 1 993) in which Valverde-Garcia et a l .  describe a three 
different mu lt i residue methods for extraction of buprofezin residues from 
peppers, beans,  and eggplants. Recently, a gas ch romatography-mass-
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selective (GC-MS) detection method to determination of buprofezin  on the 
pu lp ,  peel ,  and whole fruit of clementines was described (Cabras, P., et al., 
1 998). The expected concentration of the insecticides in  agricu l ture 
environment samples is rather low, so sensitive analytical methods are 
needed for thei r determination .  Adsorpt ive stripping voltammetry (ASV) is 
often an appropriate e lectroanalytical technique for trace determination of 
biological ly active substances, inc luding pesticides (Sreedhar, N. Y., et al., 
1 997; Pedrero, M . ,  et aI, 1 993; Szczepan iak, W., et al., 1 995) .  Nevertheless, 
pub l icat ions about the electroanalytical determination of buprofezin f rom the 
present standpoint are not found .  On the other hand , procedures for 
determin ing other  pesticides down to the 0 . 1 -50 ppb leve l ,  by adsorptive 
stripping voltammetry, have been reported 
I n  th is chapter, the adsorpt ive voltammetric behavior of buprofezin on 
hanging mercu ry d rop electrode (HM DE)  was investigated.  The chapter also 
deals with the development of a cathodic str ipping voltammetric assay for the 
determinat ion of buprofezin and its appl ication to the determination of 
buprofezin in soi l  and water. 
3 . 1 . 1 . Cycl ic  voltammetr ic behavior of  Adsorbed buprofezi n :  
3 . 1 . 1 . 1 . Dependence of Cycl ic  Voltammograms of buprofezin on pH : 
The necessary cond it ions for the adsorptive accumulation of buprofezin 
were f i rst studied at the mercu ry electrode su rface using cycl ic voltammetry 
(CV) . I n  order to detect the faradaic response of the adsorbed species a very 
low concentration of Buprofezin (3 .85x 1 0·6 M)  and relatively fast scan rate Ca. 
1 00 mV S·1 were used. The CV behavior of Buprofezin  shows a s ingle 
i rreversib le cathodic peak over the whole pH range (3.0- 1 2.0)  as represented 
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i n  Fig.  3 . 1 .This is a common behavior for the azomethine (>C=N-) contain ing 
organ ic compounds,  th is peak probably is corresponding to the reduction of 
the exocycl ic  >C=N group of the adsorbed buprofezin species. No oxidation 
peak is observed in the anodic d i rection ,  which is ind icative of the 
i rrevers ib i l ity of the buprofezin reduction .  
3. 1 . 1 .2. Effect of scan rate on the cycl ic  voltammograms of  buprofezin :  
The dependency of the peak height ( ip ,  IlA) and peak potential (Ep ,  V) 
of the cathodic peak on the scan rate (20-200 mV S-1 ) confi rms its i rreversib le 
natu re (F ig .  3.  2) . As the scan rate is increased,  the Ep sh ifts to more negative 
values ,  which confirms the i rrevers ib i l ity of the process , because for a 
reversib le process Ep wou ld not change when the scan rate is varied . When 
an accumu lation t ime of 60 s was appl ied , the s lope of the log ip vs . log v plot 
in  the range 1 0-200 mV S-1 was 0 .85 ( r=0 .995) ,  c lose to 1 ,  which is the 
expected slope for an ideal reaction of su rface species , so in  this case the 
process has an important adsorptive component. 
3. 1 . 1 .3. Dependence of Cyclic Voltammograms of buprofezin on 
adsorption time: 
The effect of the adsorption t ime (ts, sec) on the morphology of the 
CV peak ref lects the strong adsorption and accumulat ion of the oxid ized form 
of buprofezin molecules at the mercu ry e lectrode surface. There was a 5-fold 
increase of the peak height when an accumu lation t ime of 90 s was appl ied. 
At relatively long deposit ion t ime (ts � 90 s) the CV peak appears as a very 
narrow sharp peak indicat ing a faradaic response of strongly stacked 
adsorbed species ( Ibrah im,  M. S. ,  et al., 1 995) _  
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This resu lt ind icates that the buprofezin  molecu les are strongly 
adsorbed and accumulated at the mercu ry e lectrode surface . The adsorption 
of buprofezin on the HMDE can , consequently, be used as an effective 
preconcentration step before quantitative measu rements are undertaken . 
Owing to its better analytical characteristics , the voltammetric technique used 
in the str ipping step was the d ifferential pu lse stripping voltammetry (DPSV) . 
3 . 1 .2. Cathod ic adsorptive str ipping voltarnrnetry of buprofezin :  
3 . 1 .2 . 1 . Dependence o f  cathodic adsorptive stripping peak  o f  buprofezi n  
o n  pH : 
The DPSV behavior  of buprofezin ( 9 .9x 1 0-6 M)  was investigated over 
wide pH range (3 .0- 1 1 . 1 )  at the HMDE as shown in  Fig . 3 .3a.  The faradaic 
response exhibit one cathodic reduction peak, which probably corresponding 
to the reduction of the azomethine group (>C=N-) of buprofezin molecu les_ 
The peak potential is located at more negative potential close to the hyd rogen 
d ischarge potential . This is a common cathodic reduction behavior of the 
>C=N group involved in the heterocycl ic ring .  Moreover, the n i t rogen atom is 
attached to bu lky electron donating tert iary butyl alkyl g roup which increase 
the electron dens ity on th is reduction center cause its red uction process more 
d ifficul t .  The negative sh ift i n  Ep of the reduction peak with increasing the pH 
ind icates that the red uction p rocess involve H+ and accord ing to the general 
mechanism for the azomethine reduction center the reduction of the 
buprofezin species to the correspond ing d ihydro derivatives cou ld be 
represented as fol lows : 
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Fig.  3 .3b shows the dependency of the peak height ( ip ,  ).AA) on the pH ,  
the  maximum response recorded at  pH 7. 1 .  The latter behavior reflects that 
the neutral species of buprofezin are more strongly accu mulated and 
adsorbed at the mercu ry electrode s u rface. However,  in acid ic solut ions (pH � 
5 . 1 )  the peak is relatively smal l  and in  a lka l ine solut ions (pH > 9 . 1 )  the DPSV 
peak appeared as a very smal l  sp l ited peak. Therefore , pH 7 . 1 was chosen 
as a med ium for the subsequent analysis experiments. 
3. 1 .2 .2. Effect of scan rate on the DPSV peak of  buprofezin rofez in :  
For determination of the opt imum condit ions fo r  t race analysis of 
buprofez in ,  effects of many operational condit ions on the DPSV behavior of 
buprofezin were examined at pH 7 . 1 .  The DPSV behavior of 9 .9 ).AM of 
buprofezin was investigated at d ifferent scan rate (vmV S- 1 ) at pH 7 . 1 and 1 00 
mV pu lse ampl itude (F ig .  3 .4 ) .  I t  was found that the ip values at 1 0  and 20 mV 
S- 1 are very close, however at lower scan rate 2 and 5 mV S- 1 , the reduction 
peaks are very smal l .  Therefore, 20 mV S- 1 scan rate was selected for the 
analytical determination of buprofezin insecticide . 
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3 . 1 .2.3. Effect of adsorption t ime on the DPSV peak of  buprofezin :  
The effect of adsorption t ime (ts , sec) on  the peak height of the 
reduction peak was studied at two concentration levels of buprofezin at pH 
7 . 1 1 ,  1 00 mV pu lse ampl itude and 20 mV S· 1 scan rate. In the stripping 
analysis employing f i lm formation , the stripping peak height is almost 
p roport ional to the preconcentration t ime. The ip-ts re lation shows an isotherm 
curve with a satu ration point at adsorption time 60 s (F ig .  3 .5) . A 60 s pre­
electrolysis t ime was therefore adopted for the str ipping analysis of 
buprofezin .  
3. 1 .2.4. Effect of  preconcentrat ion potentials on the DPSV peak of 
buprofezi n :  
The dependence of the height of the DPSV peak of buprofezin o n  the 
preconcentrat ion potential was studied at pH 7 . 1  in the potential range -0 .20 
V- - 1 .20 V (F ig .  3 .6 ) .  In this potential range , the peak cu rrent proved to be 
independent of the accumu lation potential . The latter behavior ref lects that the 
pesticide species accumu lated on the mercu ry electrode su rface in a neutral 
form . An accumu lation potential of -0 .80 V was chosen for the stripping 
analysis procedures.  
3. 1 .2 .5 .  Effect of pulse ampl itude and other instrumenta l parameters on 
the DPSV peak  of  buprofezi n :  
The effect of the pu lse ampl itude o n  height of the DPSV peak was 
studied at pH 7. 1 (F ig .  3 .7) .  The dependency of the peak height ( ip ,  /lA) on the 
pulse ampl itude (20- 1 00 mV) i ndicates that the more sensitive reduction peak 
of buprofezin was recorded at 1 00 mV pu lse ampl itude. The peak height of 
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buprofezin  is p lotted against pulse ampl itude. The plot is l i near up to an 
ampl itude of 1 00 mY. The analytical determinations were performed at 1 00 
mV pu lse ampl itude. Other instrumental parameters , such as d rop s ize and 
pu lse repet it ion t ime, which d i rectly affected the voltammetric response, were 
opt im ized ( Fig's 3 .8  and 3 .9) . The choices of working condit ions were 
5 .2x 1 0-3 cm2 (med ium size, M)  and 0 .5 s pu lse repetition t ime, respectively. 
3.1 .2.6. Quantitative trace determ i nation of buprofezi n  i n  the model 
samples: 
Cal ibration curve for buprofezin determination was establ ished us ing 
the opt imum condit ions found in  the previous experiments such as 
accumu lation t ime of 60 s, accumu lation potential of -0 .8 V, scan rate of 20 
mV s-" pu lse ampl i tude 1 00 mV and pH 7 . 1 . The peak height of the most 
sensitive DPSV peak, under the above mentioned cond it ions, was varied 
l inearly with the concentration of buprofezin over 7 .56 J.!g L- 1 (2 .45x1 0-8 mol 
L-1 ) to 1 56 .8  )lg L-1 (5 . 1 4x 1 0-7 mol L- 1 ) as shown in Fig.  3 . 1 0 . The straight l ine 
cal ib ration cu rve was subjected to the least square ref inement. I t  was found 
that the variation of ip ,  )lA with C, mol L-1 fol lows the straight l ine equation 
ip ()lA) = 0 .374 + 2 .6 1  x1 06 C (mol L- 1 ) , rs = 0 .996 -
For 5 .0x 1 0-7 mol L- 1 solut ion of buprofezin a relative standard deviation of 
3.4 % was obtained for 5 determinations and 2 .2 )lg L- 1 (7 . 2 1  x 1  0-9 mol L- 1 ) 
was obtained as a lower determination l imit .  When the method was appl ied to 
an authentic sample of buprofezin in  aqueous solut ion a recovery of 98.6-
1 0 1 .3%, was obtained. 
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3. 1 .2. 7. Interferences 
The selectivity of the proposed method for buprofezin was tested in 
presence of some inorganic anions (N03- ,  S04-
2 , CI04- ,  r and Cr) and some 
metal cations ( Zn ( I I ) ,  Cd( I I ) ,  Co( I I ) ,  Cu( l l )  and Pb( I I ) .  Most of these species 
are commonly present in  the water of i rrigation .  N03- ,  S04-
2 and C104- have 
no marked effect on the voltammogram of 4 .0x 1 0-6 mol L- 1 of buprofezin ,  
however in  the presence of cr or r the height of the peak decreases by 1 0% 
or 1 6%, respectively. This behavior reflects the role of anions of ind ifferent 
support ing electrolytes on the degree of adsorption and accumulation of 
buprofezin species at the mercury e lectrode su rface ( Ibrah im,  M. S., 1 995). 
Serious interfer ing effects with the method of determination of buprofezin was 
observed in the presence of Zn( I I ) ,  si nce the reduction potential (- - 1 .2 V) of 
Zn( l l )  metal ion is very close to the reduction potential of the tested 
compound .  However, in presence of the other metal ions such as Cd( I I ) ,  
Co( I I ) ,  Cu ( I I ) ,  and Pb( l I )  n o  marked interference effects were observed in  the 
presence of 1 x 1  0-4 mol L- 1 Mn+ (F ig 's 3 . 1 1 -3 . 1 4) .  The degree of recoveries of 
buprofezin in presence of these metal ions were in the range of 90- 1 1 0%.  
The i nf luence of  some other commonly used pesticides e .g . ,  
endosu lfan , ch lorpyrifos, amitraz and carbary l  ( 1 . 0x 1 0-5 mol/L) on the DPSV 
determinat ion of buprofezin was examined . I n  presence of the electroactive 
ch lorpyrifos and amitraz pesticides ( Ep == - 1 .2  V) ,  the DPSV peak of buprofezin 
was completely overlapped . The Ep for the DPSV peak of endosu lfan at pH 
7. 1 is ca -0.42 V vs. Ag/AgCI and carbaryl is voltammetrical ly inactive, the 
behavior of both compounds has no effect on the determination of buprofezin.  
The degree of recoveries of 4x1  0-6 mol/L of buprofezin in  p resence of 1 x 1  0-5 
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molll of endosu lfan and/or carbaryl pesticides were in  the range of 95 .06-
97 .9 1 %. 
3 . 1 .2.8.  Determination of buprofezi n  i n  contaminated soi l  and water 
samples. 
DPSV under the experimental cond it ions described above was used to 
determined buprofezin in  spiked soi l and water samples. The samples were 
spiked at two d ifferent concentration levels ,  1 .0x 1 0-6 mol l-1 for soi l ,  where 
h igher amounts of insecticide can be expected,  and 5 .0x1 0-7 mol l- 1 for tap 
water or treated wastewater. Fol lowing the procedu res specified in the 
Experimental section ,  the final concentration of the insecticide in the 
analytical solution was always 1 .Ox1  0-6 mol l-1 . Accumu lation time of 60 s for 
soil or  water samples were used . Cal ibration graphs in the range 8 .0x1  0-7_ 
5 .0x 1 0-6 mol l-1 were establ ished by adding al iquot of buprofezin stock 
solut ions to b lanks of both soi l  and water ,  which was subjected to the same 
treatment as the sp iked samples. The s lopes and intercepts of these plots are 
presented in  Table 1 .  Fig's 3 . 1 5-3 . 1 8 show the voltammograms of the blank 
solut ion for d ifferent samples of soi l  and water, as wel l as the successive 
addit ions of buprofezin used for the above-mentioned cal ib ration graph. 
Recovery stud ies yie lded the resu lts specified in  Table 1 for five 
determinations,  the relat ive standard deviation of, 4 .5%,  3 .2% and 5 . 1 % in  
so i l ,  tap water, and treated wastewater were obtained , respectively. 
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Table 1 .  Determination of buprofezin i n  soi l ,  tap water, and treatment 
wastewater by the standard addit ion method . 
Spiked 
Spiked 
�mple concentrat ion Linear equation r Recovery (%) 
time (min) 
(moI/L) 
1 .6x1  0-6 Y = 1 .70+9.59x 1 0s x 0 .996 205 97.50 
2 .3x 1 0-6 Y = 1 .47 +5.93x 1 05 x 0 .985 1 50 98.75 
) i l  
2 .0x1 0-6 Y = 2 .50+8.88x 1 05 x 0 .987 1 20 98.97 
3 .28x 1 0-6 Y = 2 .60+5 .40x 1 05 x 0 .992 60 98.99 
P water 
5 .0x1 0-7 Y = 0.70+2.35x 1 06 x 0 .996 30 99. 1 5  
1 .47x 1 0-o 
�atment Y = 1 .47+4 .93x 1 05 x 0 .985 60 96.58 
astewater 
5 .0x 1 0-6 Y = 2 .70+5 .59x 1 05 x 0 .986 30 96.89 
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3.2. E lectrochemical degradation of buprofezin .  
The t ime that pesticides or  insecticides take , to  persist in  the envi ronment is  
determined by its resistance to breakdown. A l l  pesticides and insect icides 
react in the environment to form new chemicals. The rate with which they 
react is of considerable importance. Oxidation in a i r  and hyd rolysis in water 
are the most important routes for such reaction mechanism. In add ition , the 
presence of sun l ight ,  affect the degradation of such class of compounds. 
Some pesticides and insecticides enter p lant roots or  fol iage and breakdown 
through plant metabo l ism.  Thus,  homogeneous photolysis that employs d i rect 
UV photolysis of solut ions contain ing oxidants such as H202, ozone or 
combinat ions thereof is among many other methods proposed for  cleaning the 
envi ronment (Rajeshwar, K., 1 995) .  Oxidation in  solution could also be 
tr iggered using electrochemical methods ,  as wil l  be shown in  this section .  
Fig .3 . 1 9  depicts the cycl ic voltammogram of buprofezin in  0 . 1 M LiCI04 in  
acetonitr i le with a scan rate used was 1 0  mV/s. I t  could be noticed that the 
oxidation of 1 .0 x 1 0-2 M buprofezin revealed two i rreversib le anodic peaks at 
ca. +0.84 V and + 1 .32 V (vs . Ag/AgCI ) ,  respectively .  From the cycl ic 
voltammetric data an appl ied oxidation potential of + 1 .80 V (vs . Ag/AgCI) was 
used for the e lectrochemical degradation of buprofezin .  Prior to appl ication of 
the positive potent ia l ,  the sample ( 1 .03 x 1 0-2 M buprofezin in  0 .5  M 
LiCIOJacetonitr i le) was subjected to UV i r radiat ion (at 334 nm ,  1 .5 mW) for 1 
hou r in  presence of Ti rod (6 .3 mm diameter and 3 .0  cm long) coated with 
Ti02 . This step is bel ieved to generate OHo radicals at the 
photocatalyst/solut ion interface. The free rad icals generated are 
subsequently used to degrade the organ ic material i n  solut ion . Exhaustive 
electrolysis was conducted in a one-compartment th ree-electrode 
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electrochemical cel l ,  as ind icated above in the experimental section .  One mL 
al iquots of e lectrolytic solution were withd rawn at intervals of t ime, ca. 1 5  
m in . ,  60 m in . ,  90 min . , and 1 80 min . ,  respectively. The withdrawn al iquot was 
d i l uted to 1 0  mL,  placed in UV-vis spectrometer and measu red versus a blank 
(conta in ing the support ing electrolyte and solvent) . Two absorbance bands 
were observed as depicted in Fig .3 .20a. As could be noticed the absorbance 
values decreased with time (Fig .3 .20a) ind icat ing a noticeable degradat ion of 
the buprofezin .  F ig .3 .20b shows a p lot of absorbance with t ime for the two 
peaks. I t  is apparent that the degradation in it ia l ly fol lows a f irst order 
mechan ism. Fu rther investigations on the faith of the degradation products 
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F i g . 3 . 1 . Cycl ic  vol tammogra m s  of 1 xi  0.5 M buprofezi ne  at d ifferent pH values. 
ts = 1 20s,  Es = -0. 8  V, and  scan rate  1 00 mVs-1 . 
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Fi g u re . 3 . 2 . a .  Cycl ic  voltammograms of 1 x 1  0-
5 M buprofezi n at carious scan 
rates ( 1 )  500; (2) 200; (3) 1 00 ;  (4) 50; (5) 20 mVs- 1 , pH 7 . 1 . Other 
cond i t ions as Fig ure . 1 . 
Fi g u re . 3 . 2 . b .  Cycl ic  voltammograms for 3 . 85x1 0-6 moW 1 buprofezi n  solut ion 
obta ined i n  B . R  buffer (pH =7. 1 , 20% ethanol) , '  us ing  a scan rate of 
1 00mvs- 1 and accumu lat ion potent ia l  of -0 . 8
 V at di f fe rent 
a ccu mu lat ion t ime:  (0) 0 .0 ; ( 1 ) 1 0 ; (2) 40; (3) 60; and (4 ) 90 s .  
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F i g . 3 .3 .  (a )  Effect of  pH on  the D PSV peak of 9 .9x1  0-6 M of buprofezine,  scan 
rate 20 mVs-1 • adsorpt ion t ime 30 s. Es = -0 . 8  V a n d  pules ampl i tude 1 00 
mV. pH (20% ethanol )  ( 1 ) 3 . 1 ;  (2) 4 .0 ;  (3) 5 . 1 ;  (4 )  7 . 1 ;  (5) 9. 1 ; (6) 1 0. 1  
a n d  (7)  1 1 . 1 .  
(b )  Varia t ion of peak current for buprofez ine reduct ion  as a funct ion of pH 
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Fi g . 3 .4. D ependence of  D P SV peak of 9 . 9  fJM buprofezi ne on scan rate .  ( 1 )  5 ;  
(2)  1 0; (3) 20;  a n d  (4 ) 50 mVs- 1 . pH 7 . 1 .  Other condi t ions as i n  F ig .3 .3 .  
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Fig.3.S.  Peak height dependence of the D P SV peak on the adsorpti on ti me at 
var ious buprofezi n concentrations. (a) 9 . 9x1 0.6 M and (b)  9.9x1 0.7 M 
buprofezin .  pH 7 . 1 .  Other conditions as i n  F i g . 3 .3 .  
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Fig . 3 .6 .  Dependence of D P SV peak of 9 .9x 1  O-Q M buprofezin on a dsorption 
potent ia l .  ( 1 ) -0.2 ;  (2) -0.4 ;  (3 ) -0.6 ;  (4) -0. 8;  (5) -1 .0; (6) -1 . 2 a nd (7 ) · . 
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Fig.3 .7. Depen dence of DPSV peak  of 9 .9x 1  0-6 M buprofezin on pule s  ampl i tude. 
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F i g . 3 . 8 .  Dependence of DPSV peak of 9 .9x1 0.6 M buprofezin o n  drop size. 
( 1 ) S ;  (2) M and (3) L size. pH 7 . 1 .  Other condit ions as in  F ig .3 .3 .  
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F i g . 3 . 9  Dependence of DPSV peak of 9 .9x1 0.6 M buprofezin on pulse repetit ion 
t ime.  0 .2 ;  (2) 0 .5  and (3) 1 . 0 s. pH 7. 1 .  Other condit ions as in F ig .3 .3 .  
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Fig u re.3. 1 0 . Concentrat ion dependence of DPSV peak of buprofezin (ts = 60 s) . 
( 1 ) 4 .9x 1  0.7 ; (2) 1 .5 x 1  0.6; (3) 2.4x1 0·6; (4) 4 .3x 1 0'6 and  (5) 8 .6x 1 0·6 
M b u p rofezin .  pH 7 . 1 .  Other conditions as in Figu re .3 .3 .  
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E t v )  
F i g . 3 . 1 1 Effect of Cd  ( I I )  concentrat ion on the DPSV peak of buprofezin.  
( 1 )  3 .85x1 0-6 M buprofez in  and (2) [ 1 ] + 9.9x1 0·s M Cd ( I I ) .  pH  7.7 . 0ther 
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F i g . 3 . 1 2 Effect of C u  ( I I ) concentrat ion o n  the D P SV peak of buprofezin .  
( 1 ) 3 . 85x1 0-6 M buprof�zin and (2)  [ 1 ] + 9 .9x1  0-5 M C u  ( I I ) . pH 7. 1 .  Other 
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F i g . 3. 1 3 Effect of Pb ( I I ) concentration on the DPSV peak of buprofezin.  
( 1 ) 3 . 85x1 0·6 M buprofezin  and (2) [ 1 ] + 9.9x 1 0·s M Pb ( I I ) .  pH 7 . 1 .  Other 
condit ions as  in F ig .3.3 .  
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F i g . 3 . 1 4  . Effect of Co  ( I I )  concentrat ion on the DPSV peak of buprofezin .  
( 1 ) 3 . 85x1 0-6 M buprofezin ;  (2 )  [ 1 )  + 9.9x1  0-5 M Co ( I I ) and  (3 )  [ 1 ] + 
1 . 96x 1 0-4 Co ( I I ) .  pH 7 . 1 .  Other cond it ions as  i n  F ig .3 .3 .  
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F i g . 3. 1 5  D r S  voltam mograms for ( 1 ) buprofezin contained in spiked so i l  sample 
and (2-4) After successive s ta ndard addi t ions.  pH 7 . 1 .  Spi ked t ime 1 32 
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F i g . 3. 1 6 D P S  vol tam mograms for ( 1 ) buprofezin contained i n  spiked soi l sample 
a n d  ( 2-5) After  successive standard add it ions. pH 7. 1 .  Spiked t ime 1 95 
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F i g . 3. 1 7.  DPS voltam mograms for ( 1 )  buprofezin contained i n  spiked soi l sample 
and ( 2-4) After successive standard addit ions, pH 7 . 1 .  Sp iked t ime 1 38 
m i n  i n  the l ab. O ther cond i t ions as in F ig .3 .3 .  
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F i g . 3. 1 8 .  D P S  vol tammograms for ( 1 ) buprofezin contained i n  tap water sample 
and (2-5) After successive standard addit ions. pH 7. 1 .  Other condit ions 
as in  F ig 3.3.  
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Chapter IV 
Adsorptive stripping voltammetric 
determination and heat treatment of 
amitraz 
4. 1 .  Adsorptive str ippi ng voltammetric determination of am itraz 
Amitraz (I) belongs to the fami ly of the triazapentad ienes . I t  is a non­
systemic acaricide and insecticide which has contact and respi ratory action . 
Amitraz is active against a wide range of larvae and phytophagous insects . 
I ts properties have long been known (To l im,  C.,  1 994). Addit ional ly, amitraz 
is often used against varroas is d isease , caused by the mite Varroa jacobson; 
and affects Apis Mel/ifera. Amitraz shows a h igh act ivity against 
V. jacobson;, and low toxicity for bees. 
Amitraz determinations are based on hydrolytic conversion of both 
amitraz and its degradation products to 2 ,4-dimetylan i l i ne and subsequent 
determination by H PLC or GC.  In the envi ronmental mon itor ing of pesticides 
and other toxic substances, conventional chromatographic methods requ i re 
compl icated sample pretreatment and expensive instrumentation . Thus,  the 
analysis of increas ing numbers of samples becomes economical ly less 
effective . For th is reason , voltammetric methods may be more conven ient 
( Ibrah im ,  M. S. & Temerk, Y. M., 1 998; Ibrah im ,  M. S., 2000) . The 
voltammetric methods are being increasingly used for the determination of 
biolog ical ly active substances,  inc lud ing pesticides; these methods offer 
suff iciently low detection l imits, b road intervals of contents determined , and 
selectivity (Kotoucek, M., & Opravi lova, M., 1 996). I n  this chapter, adsorptive 
str ipping d ifferential pu lse voltammetry has been proposed for the 
determination of amitraz traces in soi l  and water. 
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4. 1 . 1 .  Cyclic voltammetric behavior of adsorbed amitraz: 
4. 1 . 1 . 1 .  Dependence of cyclic voltammograms of amitraz on pH: 
The cycl ic voltammetric behavior of amitraz was stud ied at a 
concentration level of 1 .0x1 0-5 mol L-1 i n  solut ions with d ifferent pH values 
( Fig .  4 . 1 ) . The CV behavior of the adsorbed molecules at the electrode 
surface was examined in the range of pH 3 . 1 - 1 1 .2 .  I n  acid ic and a lkal ine 
solut ions the cycl ic voltammograms exhibit one i rrevers ib le cathodic peak. 
Accord ing to the molecu lar  structure of amitraz this peak corresponds to the 
cathodic reduction of the azometh ine group (-CH=N-) of adsorbed amitraz 
species via the wel l  known 2e-/2H+ reduction mechanism of the azomethine 
compounds .  However, i n  neutral and s l ightly alka l ine solut ions (7 . 1  ::;pH::;9 . 1 )  
the cycl ic voltammograms are characterized by two consecutive cathodic 
peaks . At pH 7 . 1  the two peaks are located at -1 . 1 5  V and - 1 .6 V .  The 
appearance of the second reduction peak, close to the hydrogen d ischarge 
potent ia l ,  can be assigned to the reduction of the carbonyl compound which 
formed as a resu lt of amitraz hydrolys is (P ierpoi nt, A. C., et al. 1 997) .  No 
oxidation peaks are observed in  the anodic d i rect ion ,  which is ind icative of 
the i rrevers ib i l ity of the amitraz reduction . Addit ional evidence and information 
about the electroreduction and hyd rolysis of amitraz are gained f rom the CAS 
voltammetry (see below) . 
4. 1 .  1 .2. Dependence of cyclic voltammograms of amitraz on adsorption 
time: 
An addit ional information about the cou rse of the adsorption of amitraz 





i n  Fig .4 . 1 represent an analogous response after 
7 1  
accumu lation ( st irr ing for 1 80 s at E=-0 .6  V) .  However, the voltammetric peak 
obtained without accu mulation is substantial ly smal ler than that obtained 
fol lowing the accumu lation .  At longer adsorption time an equ i l ibrium surface 
concentration is reached and the CV peaks height become then constant. 
This ref lects the adsorption character of the amitraz fi lm and the CV peak 
cu rrent depends on the amount adsorbed . 
4. 1 . 1 . 3. Effect of scan rate on the cyclic voltammoqrams of amitraz: 
The variat ion of CV peaks height vs . scan rate in  the range f rom 1 0  mV 
S
·1 to 500 mV S·1 was stud ied for 9 .9x1  0.6 M amitraz solut ion at pH 1 0 . 1  It was 
found that the peak height increases as the scan rate is increased , showing a 
l i near dependence u p  200 mV S·1 . When an accu mulation t ime of 60 s was 
appl ied , the s lope of the log ip versus log v plot in the range 1 0-500 mV S· 1 
was 0 .95 ,  as expected theoretical ly when there is adsorption at the electrode 
su rface. 
This resu lt ind icates that the amitraz molecu les are strongly adsorbed 
and accumulated at the mercury electrode surface. The adsorption of amitraz 
on the H M D E  can , consequently, be used as an effective preconcentration 
step before quantitative measurements are undertaken .  Owing to its better 
analytical characterist ics, the voltammetric technique used in the stripping 
step was the D PSV. 
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4. 1 .2. Cathodic adsorptive stripping voltammetry of amitraz: 
4. 1 .2. 1 .  Dependence of cathodic adsorptive stripping peak of amitraz on 
pH: 
The cathodic response of adsorptive species was evaluated with 
respect to the operational and solution condit ions such as preconcentration 
t ime and potentia l ,  pH and amitraz concentration . The cathod ic adsorptive 
stripp ing (CAS) voltammograms of amitraz molecu les ( 1  x 1  0-5 molll) are 
recorded over a wide pH range (F ig .4 .2) in B . R  buffer solut ions contain ing 
20% ethanol us ing d ifferential pulse voltammetry .  The main CAS peak, which 
observed over the investigated pH range f rom 3 to 1 1 , is attr ibuted to the 
reduction of azomethine groups of the adsorbed amitraz fi l m .  This peak is 
strongly pH dependent in that sh ifts to more negative potentials with 
increas ing pH in the range 3- 1 1 .  This is a common behavior for a reduction 
process involving addit ion of H+ to the oxid ized species .  The l i near sh ift 
( r=0.999) can be expressed by the equation :  
Ep(V) = -0. 592-0.0668 pH 
However, the second reduction peak, which close to the hyd rogen d ischarge 
potential and observed only in the pH range f rom 7 to 9, is probably due to 
the reduction of the carbonyl compound formed as a resu lt of the hydrolysis .  
The d isappearance of th is reduction peak at pH�5 cou ld be due to the highly 
interfer ing effect of H+ d ischarge cu rrent and the peak is completely 
overlapped with the background d ischarge. 
On the other hand, in  acid ic solutions (pH�3) , the CAS peak of amitraz 
is t ime dependent peak and decayed by about 95% with in 30 min .  This 
behavior cou ld  be explained by the hydrolysis of amitraz into its corresponding 
amine and carbonyl compounds via decomposition of the azomethine group. 
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Accord ing to the general mechan ism of -CH=N- hydrolysis,  the 
protonation step of n i trogen atom is the prerequis ite step for hydrolys is .  
Accord ing ly, i t  is expected to observe the rapid hydrolysis process of the 
tested compound in acidic solut ions. The hydrolysis of amitraz in buffers with 
d ifferent pH values and in acetonitr i le-buffer environments, has been recently 
reported by (Corta, E . ;  et al. 1 999). I t  was found that amitraz undergoes 
instantaneous hyd rolysis at pH < 2, but ,  at 3<pH<9 the hydrolysis proceeds 
at a lower rate and at pH>9 the amitraz is almost stable.  Therefore , at 
pH= 1 0 . 1  the voltammetric response of the investigated pesticide is a lmost t ime 
independent and gave a concentration sensit ive peak height compared to 
media with other pH values . .  Thus,  for analytical pu rposes, the optimum pH 
for  amitraz determination is pH 1 0 . 1 , where the CAS reduction peak is sharp 
and reproducib le .  
4. 1 .2.2. Influence of anions of indifferent supporting electrolyte on the 
DPS V peak of amitraz: 
The votammetric response of the cathod ic reduction peak of 1 x 1  0.5 
mol/L amitraz was examined in  the presence of various  support ing 
electrolytes, e .g . ,  borate buffer,  B ritton Robinson (B . R) buffer, ammonia buffer 
and NaOH at pH 1 0  ( Fig .  4 .3) . The best resu lts, with respect to peak 
enhancement, basel ine cu rrent and reproducib i l ity, were obtained in B . R  
buffer solut ions. Hence, B .  R buffer ( p H  1 0. 1 )  has been recommended for a l l  
CAS measurements. 
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4. 1 .2. 3. Effect of adsorption time on the DPSV peak of amitraz: 
A necessary prerequis ite for the appl ication of CAS voltammetry is that 
the adsorption equ i l ibr ium is attained at the mercury electrode su rface before 
the reduction response is measured .  The effect of adsorption t ime on CAS 
voltammograms is fol lowed over a wide concentration range and is 
represented in Fig's 4 .4a, 4 .4b and 4.4c.  The height of the CAS peak 
increases with i ncreasing the adsorption time in the form of an isotherm .  At 
longer adsorption t ime an equ i l ib rium su rface concentration is reached and 
the peak height becomes then constant. The analytical ly usefu l range of 
accumu lation t ime is from 0 to 60 s, with in which the peak cu rrent rises 
l inearly with increas ing accumulation t ime. A 30 s pre-electrolysis time was 
therefore adopted for the stripping analysis of the invest igated pesticide. 
4. 1 .2. 4. Effect of preconcentration potentials on the DPS V peak of 
amitraz: 
The dependence of stripping peak cu rrents on accumu lation potential 
for the accumu lation period of 30 s is shown in  the inset of F ig .4 .5 .  In the 
potential range O.OV to -O. BV, the peak cu rrent proved to be independent of 
the accumu lation potential . The latter behavior ref lects that the pesticide 
species accumulated on the mercury electrode su rface in a neutral form . A 
preconcentration potential of -0 .50 V was chosen for the stripp ing analysis 
procedures.  
4. 1 .2.5. Effect of scan rate on the DPS V peak of amitraz: 
The effect of scan rate was studied by varying it from 5 to 50 mV S·1 
( Fig .  4 .6 ) .  I t  was found that the peak cu rrent increases and the peak potential 
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sh ifts to more negative values with increasing scan rate . The peak becomes 
broader at scan rates h igher than 20 mV S·l . For subsequent work, 20 mV S- l 
was selected. 
4. 1 .2. 6. Effect of pulse amplitude and other intrumental parameters on 
the DPS V peak of amitraz: 
The effect of the pu lse ampl itude on the height of the CAS peak of 
amitraz was studied at pH 1 0. 1  ( Fig .  4 .7 ) .  The plot of peak height against 
pu lse ampl i tude is l i near up to an ampl itude of 1 00 mV. A sharp and sens itive 
peak was found at 1 00 mV. The resul t  ind icates that the selected adjustment 
for the pu lse ampl itude is an important parameter to be considered in  
analytical appl ication of  cathodic stripping voltammetry .  
The stripp ing cu rrents were not modified when vary ing the rest period . 
The chosen value ,  1 5  s ,  is suff ic ient to a l low the formation of a un iform 
concentration of the analyte in the mercu ry d rop and to ensure that the 
subsequent stripping step is performed in a qu iescent solut ion. Other 
instru mental parameters, such as d rop size and pulse repetit ion time, which 
d i rectly affect the voltammetric response, were optim ized ( Fig .  4 . 8) .  The 
chosen working condit ions were 5.2x 1 0-3 cm2 and 0.5 s, respectively. 
4. 1.2. 7. Quantitative trace determination of amitraz in the model 
samples: 
U nder the optimum condit ions of pH 1 0. 1 , 20% ethanol , 30 s 
adsorpt ion t ime, -0.5V accumulation potentia l ,  20 mV S-
l scan rate and 1 00 
mV pu lse ampl i tude a l i near re lationship was obtained between the CAS peak 
height and amitraz concentration in the 1 x 1  0-
8 - 6x1 0-7 mol/L concentration 
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range (Fig .  4 .9 ) .  The straight l ine has a s lope of 2 . 1 85 IlAI�M , an intercept of 
0 .406 �A and a correlation coefficient of 0 .998.  The l imits of detection were 
calcu lated f rom 3 x the noise of the determination of a low level of amitraz. A 
detection l imit of 2 .3x 1 0-9 mol/l was estimated f rom quantitation of amitraz 
under the opt imum cond it ions. The precision of the determination was 
assessed on the basis of the analysis of 5 standard solut ions of amitraz of 
5x 1 0-8 mol/l concentration . The relat ive standard deviation was 2 .2 .  
4. 1 .3 Interferences: 
The effect of some other commonly used insecticides e .g . , buprofez in ,  
endosu lfan and carbaryl  on the CAS determination of  1 x1  0-5 molll amitraz 
has been evaluated .  The inf luence of buprofezin on the shape and size of the 
amitraz red uction peak was , therefore , studied.  No interference was obtained 
with 1 x1 0-5 molll buprofezin .  However, the addit ion of 5x 1 0-5 molll buprofezin 
caused the enhancement of the amitraz peak height by 1 0%.  The 
interferences effect of endosu lfan and lor carbaryl have been also carried out 
us ing standard addit ion method. The reduction peak posit ion of amitraz 
(Ep=- 1 .275 V vs. Agi AgCI) was not affected by the addit ion of these 
pesticides because the reduct ion peak of endosu lfan p roceeded at a less 
negative potential ( Ep=-0.42 V vs . Ag/AgCI) and carbaryl is e lectrochemical ly 
i nactive . 
The CAS behavior and determination of 1 x 1  0-5 molll amitraz was 
examined in the presence of 2x1 0-
4 mol/l of Pb2+, Cd2+, C02+, Zn2+ and Cu
2+ 
(Fig's 4 . 1 0-4 . 1 4) .  U nder the opt imum condit ions for amitraz determination the 
Pb2+, Cd2+, C02+ ,  and Cu2+ exhibit a cathodic reduction peaks located at less 
negative potential compared to the peak potential of amitraz. This result  
77 
ind icates that the CAS peak of the above mentioned metal ions are not 
overlap the amitraz peak. However, the CAS behavior of Zn2+ displays a 
cathodic reduction peak at potential (Ep = - 1 .25 V) very close to the CAS peak 
of amitraz (Ep = - 1 .275 V) and interfered with the CAS response of the 
investigated compound .  I n  the presence of 2x 1 0.4 moUl Zn2+ the peak height 
of amitraz increased by 50%. This is probably due to the overlap of Zn2+ 
reduction peak with the CAS peak of amitraz . 
4. 1 . 4  Determination of  amitraz in contaminated soil and water samples: 
Preparation of the extract: The soi l  sample was dried on fi lte r paper at 
laboratory temperatu re . For the extraction ,  50 g of the d ried soi l  was 
transferred into a 250 ml Erlenmeyer f lask and sprinkled with a given amount 
of the stock pesticide solut ion in  ethanol solvent and left for 2-4 h. These 
samples, and b lanks in  which the soi l  was spr inkled with the solvent only, 
were extracted 2-5 t imes by acetone. The extracts were evaporated at 50°C . 
The resu lt ing residues were d issolved in ethanol . 
Amitraz determination in the extracts: Determination of amitraz in 
spiked soi l  samples was performed us ing the mu lt ip le standard addit ion . Fig's 
4 . 1 5-4. 1 7  present exemplary voltammograms for a spiked soi l  samples after 
the standard add it ion . The graph is l i near with a correlation coefficient of 
0 .998. In the spiked soi l  samples contain ing 0.6 mg/g and 0 .06 mg/g of 
amitraz, 0 .58 mg/g and 0.056 mg/g of amitraz were fou nd with a relative 
standard deviation of 3.2% and 3 .8%, respectively ( for 5 determination) .  
Average recoveries of 91 %-96% were obtained for the spiked samples. 
The same mu lt ip le standard addit ion method was used for the 
determination of amitraz in  spiked tap water and t reated waste water. I n  
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spiked tap water samples contain ing 0.70 giL and 0 .07 giL of amitraz, 0 .66 
giL and 0 .065 giL of amit raz were determined , respectively.  Average 
recoveries of 90%-96% with a precision (RSD) of 4 .5% (for 5 determinations) 
were obtained for the spiked samples. 
The resu lts obtained are in  good agreement with the added concentration 
values and also have a low relative standard deviation . This proves that the 
D PSV method can be successfu l ly used for amitraz determinations in water 
and soi l ,  and that it ensures good precision of resu lts . 
4.2. Effect of heat treatment on the stabi l i ty/degradation of am itraz 
Amitraz is an insecticide that is used at planting t ime. I ts stabi l ity in  the 
soi l and the effect of heat on its fate should be of considerable interest. Thus, 
in  th is study, the candidate invest igated qual itatively the effect of heat on soi l­
conta in ing amitraz . I t  was found that soi l-conta in ing amitraz exposed to a 
control led heat ing at 37 DC did not show an ind ication of complete degradation 
or  destabi l ization of the insecticide. However, exposu re of the soi l-conta in ing 
amitraz to a control led heat ing at 50 DC,  and SO DC, respectively, showed 
considerable destabi l ization to the insectic ide. Fig 4 . 1 Sa shows the DPSV of 
the extracted amitraz from soi l  after exposure to 30 DC for 1 hour  (cu rve f) , 5 
hours (cu rve e) , 1 2  hou rs (cu rve d ) ,  24 hou rs (cu rve c) , and one week (cu rve 
b) , respectively. C u rve (a) is that for the blank.  Fig4 . 1 Sb shows the DPSV of 
the extracted amitraz from soi l  after exposu re to 50 DC for 1 hour (cu rve f) , 5 
hours (cu rve e) , 1 2  hours (cu rve d ) ,  24 hours (cu rve c) , and one week (curve 
b) , respectively .  I t  is evident in  th is case that amitraz e i ther degrades or 
suffers part ial  desorption and consequently a possib le evaporation from the 
soi l  matrix. I nf ra red spectroscop ic experiment confi rms the above 
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suggestion .  Thus,  f igu res 4 . 1 9a and 4 . 1 9b show I R spectrum of amitraz and 
extracted amitraz f rom soil after 5 hours of exposu re to heat ing at 50 °C . I t  is 
evident that al l functional g roups ind icati ng the presence of amitraz did not 
show in the spectrum .  On the other hand , DPSV of the extracted amitraz­
contain ing soi l  exposed to control led heat ing at 80 °C for 1 hou r showed no 
s ign of soi l  retention to the insecticide when compared to that of the 
background .  It wou ld have been advisable to analyze the gases produced 
du ring the heat treatment of the soi l-contain ing amitraz us ing gas 
chromatography. However, th is experimental setup was beyond the reach of 
the candidate and the scope of the present thes is .  
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Fi g .4 . 2 .  Effect of  pH on the CAS peak of 1 .0x1 0·
5 mol  L·1 of  ami traz. 
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Fi g .4 . 3 .  Effect of buffer const i tuent  of the indifferent support ing 
e lectrolyte on the D PSV p��k of 9 .9x1 0-6 M ami t raz p H 1 0. 1 .  ( 1 ) 
a m monia buffer; (2) borate  buffer; (3) NaOH solut ion and (4) B . R  
b uffer. Other cond i t ions a s  i n  Fig .4 .2 .  
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Peak height dependence of the DPSV peak on  the adsorption 
t ime a t  various am itraz concentration (a) 9.9x 1 0-6 M .  (b )  
1 . 96x1 0-5 M .  (c) 4 . 97x 1 0-6 M .  pH 1 0. Other condi t ions as i n  
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F i g . 4 . S .  Dependence of D PSV peak of 4 .97x1 0·6 M ami traz on 
adsorption potent ia l  ( 1 )  0 .0 ;  (2)  -0.2;  (3) -0 . 6  and (4) -0. 8 V. pH 
1 0. Other condi t ions as  in  F ig .4 .2 .  
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F i g.4.6 .  D ependence of DPSV peak of 9 .9 �M amitraz on scan rate ( 1 ) 
5 ;  (2 )  1 0; (3)  2 0  and (4) 50 mVs-
1 . pH 1 0. Other cond i tions as in 
F i gA .2 .  
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Fig .4.7.  D ependence of DPSV peak of 9 .9x1 0-6 M a mitraz on pulse 
a mpl i tude .  ( 1 )  25; (2)  50 and (3)  1 00 mV. pH 1 0. Other 
cond it ions as i n  FigA.2 .  







- 0 .6 - 1 .b 
2 6  
2 4  
2 2  
2 
1 8  
1 6  
0 0 2  
0 �rop 11�� (SOCf 8 1 2  
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F i g .4.9 .  Concentration dependence of DPSV peak of amitraz ( ts = 30 s) .  
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a m i t raz .  pH 1 0. Other condit ions as in F ig A.2 .  
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F ig .4 . 1 0. Effect of Pb( l l ) concentrat ion of D PSV peak of amitraz. ( 1 )  
9 . 9x 1 0-6 M ami traz; (2) [ 1 }  + 9 .9x1 0·5 M Pb( I I ) .  pH 1 0. Other 
cond it ions as in F ig .4 .2 .  
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Fig .4 . 1 1 . Effect of Cd( l l )  concentrat ion of DPSV peak of amitraz. ( 1 )  
9 .9x 1 0-6 M amitraz; (2) [ 1 ]  + 9.9x 1 0-5 M Cd( I I ) .  pH 1 0. Other 
cond i t ions as  i n  Fig .4 .2 .  
9 1  
l/Y A r-- ---------:------__ ----. 
3 
2 














- - -- -
- 0 6 . , - 1 , 0  - 1 4 I 1 , 2 E ( V ) 
FigA . 1 2 . Effect of Co( l I )  concentrat ion of D PSV peak of ami t raz. ( 1 )  
9 . 9x1 0-6 M am itraz; (2) [ 1 ]  + 9.9x1 0·s M Co( I I ) .  p H i  o. Other 
con dit ions as  i n  F igA.2 .  
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F i g .4. 1 3.  Effect of Zn( l I )  concentrat ion of D PSV peak of ami traz.  ( 1 )  
9 . 9x1 0·6 M amitraz; (2)  [ 1 ]  + 9. 9x1 0·6 M Zn( l I ) and (3) [2J + 
9 .9x1  0.6 M amitraz. p H 1  O. Other condit ions as  i n  FigA.2 .  
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Fi g .4. 1 4 .  Effect of Cu( l l ) concentration of DPSV peak of amitraz. ( 1 )  
1 . 96x 1 0-5 M ami t raz and (2) [ 1 ]  + 1 .96x1 0-4 M Cu( I I ) .  pH 1 0 . 
O ther condi t ions as  i n  F ig .4 .2 .  
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sample and (3-4 hr) after a successive standard addi t ions.  pH 
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Fi�.4.1 6. DPS voltammograms for ( 1 )  amitraz contained in 
spiked soi l  sample and (2-4 hr) after a successive standard 
ad<;iit ions.  pH 1 0, spiked t ime 1 29 min in the sun. Other conditions 
as �r Fig.4.2.  
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F i g . 4.1 7. DPS vol tam mograms for ( 1 )  amitraz contained i n  spiked soi l  
s ample  and (4-Shr) after a successive standard add i t ions .  pH 
1 0, sp iked t ime 240 min in the laboratory. Other cond i t ions as in 
F ig A . 2 .  
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CONCLUSI O N  
A s  the expected concentration of the insecticides in  agricu ltu ral and 
environmental samples is rather low, sensitive analytical methods are needed 
for their  determination .  Adsorptive stripping voltammetry (ASV) is often an 
appropriate electroanalytical technique for trace determination of b iologically 
active substances , inc lud ing pesticides . In this thesis ,  the adsorptive 
voltammetric behavior  of the insecticides, buprofezin and amitraz, on hanging 
mercu ry d rop electrode (HMDE) .  Was investigated.  Its appl ication is based on 
the abi l ity of substance being determined to accumulate at the electrode 
surface d u ring a wait ing t ime at a potential which anodic cu rrent f lows . The 
necessary condit ions for the adsorptive accumu lation of the investigated 
compounds were fi rst studied at the mercury electrode surface us ing cycl ic 
voltammetry (CV) . 
The resu lts of CV ind icate that the buprofezin and amitraz molecu les are 
strongly adsorbed and accumu lated at the mercury e lectrode surface . The 
adsorption of the investigated compounds on the H M D E  can ,  consequently, 
be used as an effective preconcentration step before quantitative 
measurements are u ndertaken .  
The cathod ic response of adsorptive species was eva luated with respect to 
the operational and solut ion condit ions such as pre-concentration t ime and 
potential , pH and pest icide concentration .  The cathodic adsorptive stripping 
(CAS) voltammograms of the investigated compou nds are recorded over a 
wide pH range in  B . R .  buffer solut ions conta in ing 20% ethanol us ing 
d ifferential pulse voltammetry .  The recorded CAS peaks at various pH values 
are mainly due to the reduction of azometh ine group (-CH = N -) of the 
adsorbed species. The cathodic adsorptive stripping voltammetry under the 
1 02 
optimum condit ions was used to determined the investigated compounds in  
spiked soi l  and water samples. The result obtained in  the recovery studied on 
spiked soi l  or water samples demonstrate the su itabi l ity of the proposed 
method for the determination of these insecticides in these samples. Possible 
interferences from some other pesticides , capable of being competitively 
adsorbed on the electrode, must be checked previous ly. 
The effect of heat on the stabi l ity / degradation of amitraz was also 
investigated. I n  th is case the stab i l ity / degradation was mon itored using I R­
spectrophotometry and cathodic str ipping voltammetry .  On  the other hand , 
buprofezin was treated electrochemical ly us ing p lat inum as the working 
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